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Abstract
It is the goal of the user in many print production or prepress environments
to have the ability to make judgments about the color of images on a
computer video display. Displaying the image on the monitor to evaluate
data relating to the original copy is known as "soft
proofing."
The color
monitor is the window into the computer that is the first opportunity to view
the simulation of the final reproduction. Soft proofing is especially important
in remote proofing environments and in computer-to-plate and direct digital
printing where other proofing methods are not useful.
The purpose of this test was to demonstrate that the representation of a color
on a soft proof that is displayed on a calibrated color monitor will match the
appearance of that color on the final printed reproduction. Next, this test was
to determine if a relationship exists between stage of proofing and the
calculated CIE
L*a*b*
AE between the soft proof and its reproduction. The
color monitors in this study were calibrated to visually match a printed
reproduction for three commonly used printing conditions: sheetfed
uncoated, webfed coated (SWOP), and webfed newsprint (SNAP). A panel of
judges was asked to determine if there was an acceptable match between the
Xll
soft proof and the printed reproduction. The judges rated the acceptability of
various images, color swatches, and tone reproduction scales. Judges also
rated for which proofing stage the soft proofing is most acceptable.
The results of this study indicate that the color CRT monitor requires many
technological improvements before it can be accepted as a viable alternative
to proofing devices in the graphic arts industry. The device used to calibrate
each Apple
21"
monitor used in this study was the MonitorRight Proof from
WillowSix Technologies. Statistical testing of both measured and subjective
data determined that all monitors were calibrated equally.
The hypotheses in this study were rejected because there was not a significant
number of acceptable images. Of the nine soft proof images the judges were
asked to rate acceptability on each workstation, only one, the soft proof of the
IT8 target, was rated as acceptable. Furthermore, it was rated as acceptable only
at one proofing stage, as a color preproof, simulated under one printing
condition (SWOP). All other images were rated unacceptable.
The judges were more likely to accept individual color swatches on the ITS
color reference target than pictorial images. They also found primary colors
more
acceptableboth additive and subtractive. The subtractive primaries
(cyan, magenta, and yellow) and two additive primaries (red and green) were
xni
rated as acceptable, as were three secondary complex colors (purple,
magenta-
red, and a light green). However, they were less likely to accept darker colors,
complex colors, or even the additive primary blue, which reproduced darker
than red or green.
To determine what factor influenced the
judges'
decisions, a Fisher's Least
Significant Difference test was performed. The statistical testing indicated that
acceptability was not influenced by the workstation or which printing
condition was simulated, but by the swatch color. To determine if a
correlation existed between acceptability and low CIE
L*a*bx
AE, a Pearson
product moment correlation was performed. The resulting factor indicated
that as acceptability of a color swatch increases the CIE AE decreases. However,
AE was not a dependable predictor of acceptability.
It is the objective of monitor calibration devices to manipulate the color
gamut of the monitor to within the gamut range of the press. However, in
this particular study the calibration device used reduced the color gamut and
luminance of the soft proof below that of the press, thus affecting the ability to
accurately simulate the




It is the goal of the user in many print production or prepress environments
to have the ability to make judgments about the color of images on a
computer video display. Displaying the image on the monitor to evaluate
data relating to the original copy is known as "soft proofing"1. The color
monitor is the window into the computer that is the first opportunity to view
the simulation of the final reproduction. Soft proofing is especially important
in remote proofing environments and in computer-to-plate and direct digital
printing where analog proofing methods are not possible.
Much of the proofing done could be with soft proofing2. The actual image on
the display is the simulation by which the reproduction must be compared.
With computer systems increasingly being used for image creation and
manipulation it becomes crucial that what the user sees on the video display
is accurately reproduced in
print. One such challenge arises from the need to
ensure that users across a marketplace work with color images in a common
manner that provides consistency and achieves
predictable results.
Newspapers are in such a market where the ability to proof color on the
monitor is advantageous due to time-driven production operations.
Obtaining consistent color throughout the prepress system, or WYSIWYG
(what you see is what you get), which is a common term being used these
days, is questionable throughout the prepress industry. The optimist will side
with developers of consistent color solutions who argue that, by translating
all information into a common color space, it should be possible to keep
colors stable as they pass through the stages of a prepress system and onto a
printing press. The pessimists, however, will stronglv disagree with the idea
and find it impossible to maintain accuracy and consistency throughout the
prepress cycle.
Using a CRT monitor to anticipate the appearance of the final printed product
is termed "soft
proofing/'
the purpose of this study. This researcher has
attempted to demonstrate that a color monitor can be calibrated to visually
match a printed reproduction on three common printing conditions. With
the proper monitor set-up and viewing environment, the image on the
monitor will be made to match the printed product.
In an open system environment, achieving the goal of predictability and
consistency requires
conversion of the color file data to the color space of the
monitor. Therefore, color management software converts or translates a color
from one color space to another and can simulate the color space of the press
sheet on the monitor. Color management systems may be used to help
achieve a visual match.
Although soft proofing can not be expected to match analog or digital
hardcopy proofers for accuracy in color reproduction, it is beginning to find
more commercial applications. Certainly proofing for the newspaper industry
can be accomplished on the monitor since the color gamut of the monitor
exceeds that of newsprint 2.
Footnotes for Chapter One
1
"Willow Six goes after
soft-proofing,"
The Seybold Report on Desktop




Lithoweek (April 1991): pages 31-33.
Chapter 2
Theoretical Basis
The color proof has become one of the most important tools for quality
control in the printing industry today3. Customers, publishers, separators, and
printers depend upon its accuracy for indicating the quality of separations.
The color proof is the most practical method for communicating how the
color should appear and is easy to understand and use for comparison. The
analog color proof is compared to the original to determine if the desired
result has been achieved. The proof is sent to the customer to indicate how
the image will appear when printed. If this proof is accepted, it is sent to the
press room to indicate what is expected in the final reproduction. The color
proof visually simulates how a set of films will print on the final production
press with the production inks and stock. However, all too often, what is seen
on the proof is not what the customer receives.
Function of a Color
Proof3
The color proof was developed to evaluate how the printed color separation
will appear early enough in the
reproduction process so that adjustments
could be made to the films before they were sent to press. The color proof
simulation does not have to be an exact dot-for-dot duplication but an
accurate indication of dot gain, color, and contrast. The color proof must be
dependable, consistent, and controllable3.
There are many uses for the color proof24. In the halftone film production
segment, it is used for color iteration (getting the color correct) known as a
"color
pre-proof."
The intention is that the films are printable to match the




is a proof to check that all
items are there and in register. The confirrning category is the "contract
proof."
The contract proof must indicate what the printing process can
reproduce3. When the customer accepts the color proof by marking an OK on
the proof, he/she expects the press will produce that exact effect.
Types of Proofing





can be either an on-press proof made with ink on paper or an off-press proof
using process color overlays, laminates,
or powder pigments. The off-press
proof may also be analog or
digital. These off-press proofs often require post
finishes to simulate the gloss of the final reproduction. The soft proofs are
displayed on the monitor and are utilized to evaluate data relating to the
7
original copy. Soft proofs can be used to instantly check scanned image
characteristics, check color correction, check quality of furnished images, and
instantly orient the image on the page before separations are made. Scitex first
utilized soft proofing with its page composition system that allowed the user
to view the image on a color video monitor. The system allowed the user to
make a scan and then view the stored file. This is a cost-efficient process




The color proof represents the final reproduction. It is a visual simulation
and representation of the factors involved in the printing process3. Everybody
including the customer, separator, and printer should all agree on how the
final reproduction will eventually look. The proof is a reasonable simulation
to the final reproduction. The perfect proof is rarely the case in practice. The
selection of the type of proofing system is generally a technical one. However,
the financial and mental factors also must be considered21.
With all of the proofing systems and techniques available, there is no one
proofing system that is
perfect for everyone21. A company may resort to using
two or more proofing methods in order to
meet demands. However, there are
some criteria that need to be addressed in the selection of a proofing method.
Consistency is probably the most important of these criteria. The proofing
system must be consistent in order to provide reliability and dependable
results. Accuracy is also a very important criterion. The proofing system must
be able to provide a very close visual simulation to the final printed
reproduction. A proofing system that can not provide a close simulation of
the printing condition is not very useful. The cost of the materials and
equipment used in the proofing process is also a very important point to
consider. The more each proof costs to produce, the smaller the profit.
However, investment in good proofing should be considered.
The time it takes to make each proof is critical. The time required to make
each proof also depends on the type of proof. Customer demands on speed
and quality drive the type of proof needed. "Customer acceptability and
familiarity", i.e., what the customer will accept or what they are familiar with,
will also determine the type of proofing chosen. Customers may accept some
types of proofs but not accept others. Some people prefer a given type of proof
because they know how to
"read"
the proof. They have adapted to mentally
adjusting the proof
image to the final reproduction.
Color Control
Bar21
A color proof should contain standardized test images for control. A color
control bar, a type of test target used in the graphic arts industry, is used to
characterize and control the printing conditions. The control bar exists as a
long, narrow strip that can be fitted in the trim area of the color proof and the
press sheet. There are a variety of color control bars available. Each was
designed for a specific purpose, hardware, and measurement method. They
provide a convenient method for collecting data. The control bar consists of
many small patches of image elements called swatches. These swatches are
repeated across the length of the control bar. Most color control bars contain
solid swatches of single solid ink patches of cyan, magenta, yellow, and black,
and two-color overprints of red, green, and blue. They also contain tint
patches of 75, 50, and 25 percent dot area of the process inks. These swatches
on the proof can be compared visually against those on the reproduction or
measured with instrumentation to obtain numerical data. They permit the
characterization of the printing process.
Establishing Acceptable Limits for Color Printing
21
The acceptability of limits for
color printing are established either by the print
buyer or the printer. Measurements are made using a CIE-response,
three-
filter colorimeter with D65 illuminant. The printed swatches are measured
10
with the colorimeter. The measurements are expressed in CIE color space
coordinates, L*, a*, b*. Delta
'E'
(AE) is a numerical specification of color
difference. Delta
'E'
(AE) equals the square root of the sum of the squares of
ALX, Aa*, Ab*, between the two colors. It is the vector or physical distance in
CIE
L*a*bx
color space. What is considered perceptually acceptable in color
reproduction must be determined. According to GATF21, the smallest
difference between two adjacent colors is called a Just Noticeable Difference
(JND). A AE of 1-2 is considered a JND.
Color Proofing
Specifications22
Color proofing specifications have been developed for the various printing
methods and product categories. "Specification Web Offset Publications
(SWOP)"
provide proofing aimpoints for advertisement, printed on #5
groundwood publication stock in the U.S.A. SWOP specifies the types of inks,
proofing paper stock, screen rating, and total ink dot coverage for web offset
printing. The gravure printing process has also been altered to meet the
requirements of SWOP and is labeled SWOP/GAA.
Markets using the non-heatset
web printing process have developed a set of
printing specifications




These specifications determine the printing aimpoints
and
tolerance when printing on uncoated paper and newsprint.
The commercial printing market in the U.S.A. has such a variety of printing
conditions that no one set of printing or proofing specifications existed at the
time this research was carried out. The Graphic Communications Association
(GCA) will publish a set of printing and proofing specifications requirements
entitled "General Requirements and Applications for Commercial offset
Lithography
"
(GRACoL) in the spring of 1997 that will help people to
characterize and control commercial color printing.
Standards for soft proofing exist in the television and motion picture
industries for some aspects of calibrating and judging color. There are no
strong efforts within the graphic arts industry to tackle the soft proofing
standards problem. This is an issue that should be addressed to support the
trend in remote digital proofing especially for use with computer-to-plate
technology (CTP) where analog proofing
methods are not useful. In 1991 a
subcommittee was established within The Committee for Graphic Arts
Technologies Standards (CGATS) to evaluate the need for soft proofing
standards22. However, since there was such a low interest in soft proofing




Under the heading of "soft
proof,"
workflow that will have an enormous
impact on the viability of digital artwork and reproduction communications
networks is called Digital Artwork Reproduction (DAR)2. DAR, as a concept,
is the development of a network of suppliers able to communicate with each
other electronically. It is an approach to the organization of workflow that
assumes computer technology is fully integrated. It is associated closely with
the design and production of packaging for fast moving consumer goods.
DAR is of ever increasing importance to everyone involved with prepress. It
could completely change traditional standards of prepress specifications. If
you want a design printed in color without DAR, you must use traditional
prepress specialists. With DAR there is an increasing expectation that you can
be responsible for much of the preparatory work and eliminate some of the
steps that would otherwise have to be contracted out2. However, DAR does
not exist on its own, but as the end result of many service sectors. DAR
describes a linked series of individual tasks that together constitute a
manufacturing sequence2. This is a
concept familiar to any buyer who has to
coordinate creative design, graphics reproduction, printing and finishing. It is
as valid to newspapers or magazines as it is to commercial printing. At the
heart of the development lies proofing. Without confidence in what is being
sent between the components of the system, DAR can not function2.
Designers are attracted to DAR because they can work on simple desktop
13
computers, do color corrections and graphics, and save the design on a disk
rather than flat artwork. The final finished electronic data can be sent to an
imagesetter to make halftone separation films.
The Evolution of the CRT Monitor
One specific area that prepress manufacturers have struggled with for years is
the monitor. A monitor that provides a wide degree of control over its
display characteristics will provide the best opportunity for calibration.
Monitors each have their own strengths, and a monitor primarily used for
color calibrated applications in prepress should provide the functionality to
control the characteristics demanded by the user 5.
The CRT monitor functions using electrical engineering technology and
raster imaging technology. The picture tube is coated on the inside with three
types of phosphors that will emit red, green, or blue light when excited by its
corresponding electron gun. The electron beams projected from the three
electron guns travel in a fixed path moving horizontally from one edge of the
picture frame to the other, one line at a time (raster). In a typical broadcast TV
designed CRT, there are 512 such lines in a picture frame, each rasterized
frame completed every l/30th (30 Hz) of a second. High-resolution computer
graphic displays utilize as many as 1024 rows at 70
Hz.
14





The delta gun was three separate electron guns
arranged in a triangular configuration. The iron shadow mask was a iron
plate precisely aligned behind the phosphor-coated glass to assured that only
the appropriate electron beam (RGB) was allowed to strike the appropriate
red, green, or blue phosphor6. However, the iron shadow mask absorbs
electron energy, which is converted into heat and distorts the iron mask.
Doming occurs when the iron mask distorts. Doming is when the electron
beams stray from their intended phosphors resulting in color and brightness
distortion.
Dot pitch is the distance between two holes in the shadow mask. Early CRTs
had a large dot pitch and therefore low resolution. Beam astigmatism occurs
when an electron beam is aimed towards the corners of the CRT surface and
produces an elliptical dot on the picture tube when it passes through the
mask. This elliptical dot appears more obvious further from the center,
therefore reducing sharpness in the corners6.
Sony's
'Trinitron"
aperture grille CRTs appeared back in 1968 and were an
advancement above the shadow mask technology. The Sony Trinitron uses
the Trinitron gun. The Trinitron electron gun has a quadruple lens for
reduced beam astigmatism with all three beams passing through the same
15
lens unlike the three separate guns in the early color CRT designs. The biggest
change is that the shadow mask is replaced with an "aperture
grille."
The
aperture grille consists of many finely, tightly stretched, vertical wires that
help to align the electron beam with its appropriate phosphor. Because the
aperture grille allows more electrons to pass through, the beam need not be as
powerful. The image that is produced is not susceptible to doming which
assures image uniformity. Two tension wires are stretched across the aperture
grille wires to prevent them from vibrating. There is no vertical dot pitch
since there is no break in the vertical wires. The cylindrical CRT surface of
these CRT's reflect overhead lights away from the user unlike the spherical
surface of early CRT designs. A technological improvement over the
Trinitron gun technology is the Mitsubishi DiamondTron's NX-DBF gun
technology. It adapts the In-line, double quadruple lens guns to the aperture
grille technology6. This results in a very sharp display with a larger viewing
area.
Monitor designs continue to improve. The original shadow mask CRTs had
problems with doming, large dot pitch, and beam astigmatism. Shadow mask
design technologies have improved during the last decade and have
overcome most of the deficiencies of earlier designs. For critical color
applications, regular re-calibration is essential6.
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Monitor Calibration
The monitor is prone to changes because the monitor generates heat and the
phosphors change with continued use. Any given monitor can appear
different in the morning than at the end of the day7. These changes occur
gradually throughout the day. For the color control to be accurate, the image
viewed on the monitor must match the printed product as closely as possible.
In order for this to happen, all viewing conditions used for color control,
including viewing booths and monitors, must be calibrated to a common
standard. The white point, tight intensity, color temperature, and associated
color values should be consistent. In other words, we want to standardize all
of the viewing conditions involved in the reproduction process.
Color calibration is a process that tries to assure that all devices (scanner,
monitor, and press) perform to a given specification. Calibration alone does
not guarantee color matching. Calibration adjusts the devices to perform to
their respective specifications. Monitor calibration assures that the CRT
consistently displays a pixel that corresponds
to the specific digital value
received from the file. Monitor variables that must be calibrated include
brightness, white point, and gamma. The white point, or color temperature,
determines color balance of the screen and is measured in degrees Kelvin.
Gamma describes the relationship of the
input value to the output
luminance on the monitor8.
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Monitor Characterization
Characterization is a way of understanding the behavior of a particular device
under known conditions. To characterize is to understand how an input
device renders colors of the original or how an output device renders color
information when it is calibrated. Characterization profiles for most monitors
are offered by developers of color management software. These are only good
as long as the monitor is operating to manufacturer's specifications. Some
software, such as Kodak's Color Management System and Agfa's FotoFlow,
along with proprietary software like Raster Ops's CorrectColor and
SuperMac's SuperMatch color calibrators, allow users to map their own
monitor's characterization 8.
The characterization of a CRT display can be measured and plotted. The three
electron guns (RGB) are independent of each other. First, set the monitor
controls to a known state (white point, brightness, contrast). Next measure
the light outputs for each red, green, and blue gun separately. Finally, plot the





The monitor's gamma is the relationship between the monitor's input
voltage and the resultant luminance. The gamma is the voltage exponent
used to calculate a voltage (v) times luminance (1) scale7. The gamma setting
affects the contrast of an image as well as color satuation. The gamma settings
have their greatest effect on the mid-tones. Highlights are not affected as
much because they are already at a high intensity, and shadows are not
affected as much because they are already at their lowest intensity. However,
ambient light that falls on the monitor's front surface can reduce the contrast
of the image in the shadow areas. The monitor should be located in subdued
tight for accurate color appearance.
Color Transformation on the Monitor
Transformation is the translation of a color image from the color space of one
device to that of another device. Color transformation can be performed with
color management software. Color management software converts or
transforms color from one color space to another. Some color management
software can also simulate one device on another; for example, a press sheet
on the monitor8. Depending on the devices, conversion may involve
transform from RGB to RGB, RGB to CMYK, or CMYK to CMYK. CIE
L*a*b*
is an accepted standard that provides a convenient color space for the
19
conversion process. The color gamut of individual devices, and the




The most simple and straightforward RGB-to-CMY transformation, excluding
black for the sake of explanation, is defined using subtractive colors. This
assumes that the additive (monitor R,G,B) and subtractive (process C,M,Y)
colors are completely complimentary to each other in the visible spectrum. In
reality, this is not the case because cyan, magenta, and yellow inks each
contain unwanted absorption. Equivalent amounts of R,G,B on the monitor
produce neutral tones, however equivalent amounts of process C,M,Y
produce reddish, brown tones. If the RGB monitor pixel values are used to
represent complimentary CMY dot percentage needed for color separations,
the grays on the monitor would appear brown on the print.
The bright colors that appear on the screen may print de-saturated, and most
of the available hues or color gamut on the monitor are different from the
color print. Since inputs or originals displayed on the monitor are
represented in RGB color space, and since color printing is done in CMYK
color space, use RGB-to-CMYK color
transformations10.
Non-linear transformations of RGB to CMYK are accomplished with the use
of look-up-tables. A look-up table has a given number of entries called
20
addresses, which point to a specific, predetermined given value. With
hardware we perform such a 256 value to 256 value transformation by using a
memory chip with 256 entries and 256 addresses 10.
BARCO
Barco created the world's first calibrated monitor back in 1988. It addressed the
problem of color drift by automatically calibrating the monitor with its own
microprocessor through a technique called "automatic kinescope
biasing."11
The calibrator measures and corrects for short-term drift 60 times per second.
It corrects for long-term drift by sending greater amounts of voltage as the
phosphors weaken n. An even higher standard has been set with the
introduction of the new Barco Reference Calibrator which provides an
accurate display.
Each monitor is encoded with its own specifications and shipped with
Calibrator Talk 4.0 software to interface with color management software
(CMS) that calibrates to provide consistent color. The Reference Calibrator
121 is a
21"
flat screen, high-grade Invar mask CRT (0.28-mm dot pitch), and
the Reference Calibrator 120T is a
20"
Trinitron CRT (0.31 mm dot pitch).




software. Barco has integrated its compact
Optisense
to insure long-term accuracy. Optisense is an optical on-screen
sensor that attaches to the face of the monitor and ensures that the monitor
conforms to the calibrated standard. With the Barco Reference Calibrator and
the same CMS, it is possible to view the exact same image regardless of
location.
Radius
Radius Inc. introduced a new, ergonomically enhanced version of its
best-
selling Trinitron-based IntelliColor Display/ 20 (ICD/20) display. Using
hardware technology that communicates between the
microprocessor-
controlled display and the computer, the ICD/20e gives Mac users precise
control of geometry, image size, centering, and color temperature20. The
ICD/20e is also plug-and-play compatible with Mac Quadra, Centris, and
Power Macintosh systems.
The ICD/20e offers user-selectable white points of 5000K, 6500K and 9300K
and user-definable color temperature control through saturation adjusting.
Because white point selection occurs in the display itself under IntelhColor
software control, the color temperature can be adjusted without the loss of
brightness that occurs with conventional display products.
->->
Radius Inc.'s Precision Color Calibrator assures consistent and accurate on
screen color management23. This cost-effective device calibrates and aligns the
monitor's gamma and color temperature to match the substrate of the
reproduction for accurate image display. The calibrator features an optical
sensing head that temporarily attaches to your monitor's screen
on a
software-specified target. When triggered, the calibrator measures the
intensities of your monitor's red, green, and blue guns through a controlled
range and establishes a color temperature and gamma control table.
The Precision Color Calibrator greatly improves the screen accuracy
of
PANTONE and process colors, and it ensures a reliable, automatic resetting of
the monitor as it ages23. Gamma ranges are selectable from 0.5 to 4.0 and color
temperature is selectable from 2500K to 15000K. The Precision Color
Calibrator produces profiles for Apple ColorSync, EFIColor, and related color
management systems that utilize device-independent color technology. The
profiles generated by the Precision Color Calibrator are precise, unique, and
measured to the monitor being used. It also provides for a wide range of color
temperature settings to reduce eye strain. You can select and maintain warm




SuperMac's PressView 21T Display uses multi-resolution CRT technology,
tight convergence standards, and dynamic focus circuitry. To ensure color
accuracy, the
PressView 21T includes the ColorMatch software color
correction tool. The SuperMatch Display Calibrator lets the user accurately
measure white point and gamma to build a color profile for use with a color
management system such as EFI, KEPS, ColorSync, and FotoFlow24.
SuperMac PressView 21 *T ColorMatch software lets the user adjust the
white point from 3000 K to 9000 K on the fly. By actually changing the white
point rather than simulating it, the user can alter the color environment
without losing color gamut24. The user can fine-tune color by controlling the
intensities of the red, green, and blue electron guns. The PressView 21 *T can
simulate printing inks by specifying cyan, magenta, and yellow solid ink
density levels. It can set custom gamma levels, brightness, and contrast.
MonitorRight Proof
With Willow Six Technologies MonitorRight Proof, the user can calibrate the
monitor to the white point of the paper stock, maximum ink density, image
gray balance, and specific ink
colors (SWOP) with this calibration system1. It
evaluates the factors that affect your printed material, including ambient
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tight, brightness, and color, and calibrates your monitor accordingly. The
software allows the user to specify the paper's white point for Hi white, white,
newsprint, and custom papers, black point (maximum ink density), and
midpoint. MonitorRight ProoFM works with Photoshop on a Macintosh to
let you calibrate any monitor1. Once the software is loaded, attach the
calibrator and follow the calibration sequence. The system runs separately
from the CPU, which means it can calibrate many monitors in any location.
The Screen Surround
A monitor screen has four zones surrounding the central image area: the
image surround on the screen itself, the monitor bezel, the desktop, and the
room furnishing with ambient illumination. The relative brightness and
colorfulness of these can affect the appearance of the image9.
Because the monitor screen and surround are nearest to the image, the most
important area is the immediate on-screen image surround. In addition to
the general effects of background color and neutral tones, it should be noted
that a dark surround will make the image appear lighter. Conversely, a light
surround will make the image appear darker. The tightness and color of the
monitor faceplate and bezel also affect the image to a lesser extent. Ideally
these should be of neutral gray, and have a matte finish. Bright colored
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objects on the desktop and objects on the screen surround are to be avoided as
these can distract the eye 9.
The ambient room illumination should be neutral (white) in color. Strongly
colored decorations within the field of view should be avoided. The reason
for this is to reduce the possibility of adaptation and confusing the user's
interpretation of screen colors9. Working with monitors is more satisfactory
and fatigue is reduced when the difference in brightness between the ambient
iUumination in the room and the average brightness of the screen is small9.
When the room ambient illumination is much brighter than the screen, the
display will appear dim. Both resolution and color appearance will suffer. It is
good practice to light the work area in such a way that 5000K illumination
falls upon the printed document but not on the screen. Avoid specular
reflection from the screen, which can be very distractiny and can even change
the color's appearance on the monitor9.
Color Management
Color management methods have recently received much attention in the
graphic arts industry. Although it is considered to be a recent concern, color
management procedures have actually been used for many years. High-end
color systems used color management to calibrate to SWOP standards. With
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the advance of technology, the single vendor no longer supplies all
components of the system from scanner to the film separations. Without a
furnished system calibration method, unskilled operators had to try to
calibrate their systems manually. This need led to the development of
software color management systems that could make calibration more
accurate.
Color management provides a way to calibrate a graphic arts system so that
any time an image is displayed or produced by a device it will match that of
the printed image. The aim of a color management system is to allow the user
to attain "What You See Is What You
Get"
(WYSIWYG) for color
information across a variety of devices.
A complete color management system should include calibration for the
image-capture device, monitor, and the output device. In a desktop prepress
environment the input device is usually a scanner that digitizes the color
information. The monitor provides a visual display of the scan. The output
device produces a hard copy proof, film or
plate. Color management attempts
to utilize the expertise of camera and scanner operators with an easy-to-use
software program8.
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Early model high-end color scanners scanned originals and recorded color
separations to film or disk. On the desktop, the original may be scanned on
any of a variety of input devices including flatbed, slide or drum scanners,
high-end scanners, or digital cameras. The resulting image may be viewed on
a variety of workstations equipped with monitors. Once the file is saved, the
image may be output to a digital color proofer or it may be proofed on the
monitor. Working with multiple system components necessitates a way to get
predictable, consistent color. This is the role of color management systems.
Many people use the term
"calibration"
to mean all the steps necessary to
achieve accurate color. "Color
management"
is a more accurate term for
matching color on different input and output devices, since calibration is only
the first step to achieving accurate color reproduction8. To achieve the goals of
color management, characterization, calibration, and conversion must be
done in this sequence. Calibrating a device to specifications serves as a
foundation for characterization and conversion. A device must be
characterized before color data can be converted for accurate rendering.
Device-Independent Color
We also have to consider the device-independent color or the portable color
concept. This concept, ideally, is supposed to provide the same output color
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quality for an original, scanned in on any scanner, displayed on any monitor,
and printed, whether it be black-and-white or color, using any device for
output.
The Human Visual System
When we look at an object, the lens in our eye projects the image onto our
retina. The retina is composed of some 125 million receptors. There are two
different types of receptors called rods and cones. The rods are active at lower
levels (scotopic or night vision). The cones are active at higher levels
(photopic or day vision), but both contribute to the visual response. However,
the cones spectral sensitivity are either red, green, or blue.
By describing a color's hue, value, and chroma, a color can be accurately
differentiated from other colors. Hue describes the basic color or how it may
appear on the color wheel. Value describes the degree of brightness of an area
judged relative to the brightness of a similarly tilurninated area that appears
to be white. Chroma describes the colorfulness (saturation) of an area judged
in proportion to the brightness of a similarly tiluminated area that appears to
be white. The perception and interpretation of color is highly subjective and
usually very different from
one observer to the next. Eye fatigue, age, and
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other physiological factors can influence an individual's perception. As a
result it is difficult to accurately communicate a particular color to someone
without some type of physical reference or mutually agreed-upon procedure
to express the color. Once this standard method is determined, there must be
a way to compare one color to the next.
In 1905, the Munsell system assigned numerical values to the three properties
of a color9. This created a three-dimensional model where adjacent color
samples represent equal intervals of visual perception. Munsell conceived
their relationship as a tree, with hue changes going around the perimeter of
the tree. Value, or the trunk, represents light to dark (top to bottom). Chroma,
the branches of the tree, increases in saturation as it moves toward the
perimeter.
Sir Isaac Newton showed that white light can be represented as the sum of its
consistent spectral components9. Over a hundred years later, Thomas Young
demonstrated that by overlapping three primary lights having the principal
colors of red, green, and blue-violet, he could obtain the tight secondary colors
of cyan, magenta, and yellow. He found, moreover, that by adjusting the
relative intensities of red, green, and blue-violet lights in the mixture, he
could create spectral hues, an observation that has important implications for
understanding the
nature of color vision. In other words the presence of all
30
three colors in equal amounts produces white light. This is known as the
additive mixing of colors. The technologies of the CRT monitor use the
additive primary colors for color reproduction. Red, green, and blue
phosphors embedded on the monitor's screen illuminate, when stimulated
by an electron gun, to compose the color image. The mixture of several
phosphors lighting up produce the color sensation in an additive way. With
present technology, a color monitor can display 16.7 million colors while a
printing press, using subtractive color mixing, can print only about 10
million13.
When colored dves or pigments are combined, their spectral absorption
properties are added together, resulting in a greater amount of the incident
light being absorbed and a correspondingly lesser amount being reflected to
the observer. In other words the presence of cyan, magenta, and yellow dyes
in relatively equal amounts theoretically should produce black. This is
known as subtractive mixing of colors. Printing inks have unwanted
absorptions that produce brown when they are overprinted in equal amounts.
To correct for the unwanted absorptions in the process color inks, it is
corrected in the separation process. When printing halftones, the four-color
reproduction is a combination of the three subtractive primary colors: cyan,
magenta, and yellow inks, which are identified as process colors. A black ink
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is also printed on the white paper to produce darker shadow densities in the
color image.
Color Measurement Instruments
A color can be accurately measured and it physical attributes quantified. Once
measured, the data can be used to calculate that color's position in a color
space. The three most frequently used instruments for color measurement are
colorimeters, spectrophotometers, and densitometers. The colorimeter
measures color, with red, green, and blue receptors with a color response
similar to the human eye, and the data is specified in tristimulus values.
Spectrophotometers measure color at many points in the visible spectrum.
From this data, a spectrophotometric curve of the color's reflectance at each
wavelength can be plotted. The colorimerric tristimulus values can also be
calculated.
Commission International d'Eclairage
Today, color systems rely on instruments to determine objective numerical
values to describe a color. The most important of all color specifications was
developed by Commission International d'Eclairage (CIE)9. In 1931 CIE
standardized a color ordering system by specifying the light source, observer,
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and methodology. The color of a given object is specified by a triad of
numbers called tristimulus values (X, Y, Z ). Tristimulus values are calculated
from the spectral reflectance distribution of the object by multiplying each
wavelength by the relative power of the luminant and by the tristimulus
functions of the standard observer. The value represents the object's
luminance. The X, Y, Z values are always positive.
These values are mapped on a two-dimensional (xy) chromaticity diagram
where x = X/(X+Y+Z) and y= Y/(X+Y+Z). The electromagnetic spectrum falls
within the boundaries of this horseshoe-shaped diagram. Pure saturated
colors are located on the perimeter. The white light source is located near the
center of the diagram. The hue changes around the perimeter. Saturation
increases from center to perimeter.
In 1976, CIE proposed a new color space called the CLE
L*a*b*
color space. It is
an improved, but not a perfect, color space. It is a way of describing a color in
three-dimensional terms of what are often called "opponent-color
coordinates."
It describes color in terms of light-dark (L*), red-green (a*),
yellow-blue (b*). The value of the color (L*) is in the vertical direction, when
mapping the colors in
this system, with numbers ranging from 0 at the
bottom (black) to 100 at the top (white). The hue and chroma of the color can
be expressed by mapping on a two-dimensional coordinate.
Redness-
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greenness can be expressed as (red) or (green). Yellowness-blueness is
expressed as
+b*
or -b*(Figure 1). The three parameters, V, a*, b*, can be
derived from the tristimulus values
L*





= 200 [(Y/Y0)l/3-(Z/Zo)l/3 ]. Color differences are
calculated in terms of the Euclidean distance between the corresponding
points in a uniform color space. The CIE space is most commonly used, and
the units of color difference are known as
"Delta-E"
(AE) units. AE is the
vector space difference between the two compared colors in CIE
L*a*b*
color























In order to understand the specification of color, it is helpful to introduce the
concept of a color space, defined as a formal method of representing the
visual sensations of color9. Thus, in a color space, particular colors can be
precisely specified by words and numbers. The introduction of mathematics
into the color specification process brings great benefits, because it allows the
representation of a color space by a Cartesian coordinate system, and thus the
creation of a three-dimensional model. A three-dimensional system provides
a basis to help understand
"spatial"
relationships between colors. A device's
color space boundary are known as its "color gamut"9. Color gamut represents
the limit of the most saturated colors that can be achieved for every hue and
at every level of lightness from white to black.
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A Study of the Subjective Differences between
Soft-Copy andHard Copy
Proofing14
Sandra L. Funs conducted a study of the visual comparison of a Scitex
soft-
copy proof to an analog off-press proof14. Her hypothesis was, "If soft-copy
proofing is to replace off-press hard-copy proofing, then acceptability of a
design comprehensive, initial color, intermediate and/ or final soft-copy proof
as compared to conventional off-press methods must be shown in the
following areas: acceptable color, detail and sharpness, design and layout, size
acceptance and
portability."
Sandra Fuhs's study included 50 graphic arts
decision makers who were asked to evaluate differences between the analog
color proof and an electronic proof generated on a color CRT. As a final proof,
all of the graphic arts production judges rejected the soft-copy proofing.
Comments included "Costly soft-proofing stations", "lack of calibration





all major objections to using the soft-copy as the




of standards for data exchange", "image transmission rates, costs and times",
and "inability to display the final soft-copy at its final
location."
The
hypothesis tested whether soft proofing could replace off-press hard-copy
proofing. Her findings were that the soft proof was rejected as a final proof.
Recommendations for further research in her thesis suggested performance
of the same survey to be conducted with state-of-the art equipment.
Therefore, the purpose of this author's study was to demonstrate that the
monitor can be made to visually match the reproduction to which it is being
compared. Since her study was reported, there have been improvements of
monitor quality and calibration techniques. There have been numerous
improvements in electronics to improve speed, cost, and price. All of these
factors would suggest the need for future testing of soft proofing.
,15
A Study of the Effect of Surround and
Ambient Lighting Conditions on CRT Screen
Colors
Diane Ouellette completed a study on the effects of surround and ambient
lighting conditions on CRT screen colors10. Her study addressed the question
of appropriate lighting conditions on CRT monitor screens. Her thesis
discussed the effects of ambient illumination as well as screen surround
conditions on optical, psychophysical, and physical characteristics of CRT
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colors in a complex color field. The purpose of her research was to study the
visual color effect of light/dark surround on designated color patches within
a complex color field under ambient lighting conditions while keeping a
constant geometrical orientation and equivalent ambient illuminance levels.
Her findings were that ambient lighting does physically change the surround,
which, in turn, influences the appearance of a CRT color. A test of her
hypothesis concluded that ambient lighting and surround can not be treated
independently. Her investigation confirmed the long-suspected notion that
ambient lighting and border surround influences the perception of the
pictorial color. Her conclusions indicated that standard viewing conditions
are necessary for all proofing stages because the accuracy of a proof is based
entirely on the subjective perception of color.
Because of Diane Ouellette's study, much of the industry has been aware of
the effect of ambient lighting on the monitor. However, many are not
addressing the problem of ambient
illumination falling upon the monitor
correctly, (which affects the appearance of colors) and, therefore, they reject
soft proofing. However, this author prevented ambient light from falling on




The human visual syste has a set of complex mechanisms that can produce
stable perceptions of an object across a variety of illuminates known as
chromatic adaptation or color consistency16. The human visual system can
adapt to the color and luminance of the light source. Two types of chromatic
adaptation mechanisms occur: sensory and cognitive. Sensory mechanisms
act automatically in response to the spectral energy distribution of the
stimulus. Cognitive mechanisms rely on the observer's knowledge of scene
content. For example, viewing a white piece of paper under incandescent
light versus fluorescent light continues to appear white regardless of the
difference in color temperature of the light sources. The paper appears to be




Using an imaging workstation's monitor for soft proofing is a primary part of
a device-independent color prepress system17. A common technique is to
simulate a white point on the monitor to 5000 K. To accomplish this the RGB
mapping in the graphics
card performs both gamma correction and white
point simulation. However, this affects the gamut of the monitor. The
operator is relying on the display as a soft proof device to accurately and
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predictably depict how the final color will appear. This implies that a
colorimetric color reproduction of the hard copy proof on the soft proof
display has been achieved (Hunt 1987). Hunt defines colorimetric color
matching as "equality of absolute chromaticities and of relative
luminances."1'
Two conditions are necessary for a video display system to fulfill the role of
soft proofing. The first condition is that the chrominance gamut of the
monitor exceed that of the hard copy proof at each of the relative luminance
values. Secondly, relatively equivalent surrounding conditions must be
displayed on the soft proof as will be used for the hard copy proof2D. The
surrounding condition requirement is met by displaying a white reference
around the image area on the monitor. This white reference must have the
same chromaticities as the proofing stock when illuminated under standard
viewing conditions. Therefore the
white point of the monitor cannot differ
considerably from 5000 K17.
The luminance of the white point of the monitor should be as high as
possible. The closer the maximum luminance of the monitor is to the
luminance of the proofing stock under
standard viewing conditions, the




The standard viewing conditions for SWOP or SNAP specify ANSI standards
PH2.32-1972 and PH2.45-1979, i.e., the 5000 K viewing condition. The
reflective nature of both the hard-copy proof and the press sheet in cyan,
magenta, yellow, and black color space provides an additional benefit in
visual matching. CMYK pigments transmit and absorb white tight to produce
the sensation of color. With soft proofing the image on the monitor is
represented in red, green, and blue where the monitor is the source of
illumination.
The reproduction of color images in various media involves changes in
various viewing conditions. The CIE
L*a*b*
system can predict color matches
in various media providing the viewing conditions are identical. Once
dependent factors are altered such as tiluminant color (white point),
illumniant level, surround, and mode of viewing, color appearance models
are required to predict and produce matching images 1S. The objective of
Braun and Fairchild's work was to test five models that were capable of
predicting the tristimulus
values in different viewing conditions that might
be considered a visual match. Their preliminary study investigated different
viewing techniques
to determine which condition was optimum for cross-
media color reproduction. Psychophysical experiments were performed by
fifteen observers using five different viewing
techniques for comparison of
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hard-copy originals to soft-copy images. These five viewing techniques are
memory matching, successive binocular matching, simultaneous binocular
matching, successive haploscopic matching, and simultaneous haploscopic
matching.
For their experiment, the white point of a Sony GDM-1950 monitor was
adjusted to approximate D65. Two sources were used in the booth,
approximating illuminates D50 and A. Therefore, a D65 monitor setting
was
compared to a booth setting of illuminate D50, and illuminate A. The
tests in
all experiments were performed with room lights off. The observers sat
approximately 1 meter from the original and the
monitor screen.
With the memory matching technique, the hard copy
and the monitor were
placed at ninety degrees from each other
with respect to the observer to
prevent simultaneous viewing18. A curtain was drawn across the viewing
booth while not in use to prevent ambient light from falling onto the
monitor. Also, while the observer was viewing the hard-copy, the monitor
was blocked out.
Successive binocular matching was similar
to the memory matching
technique. However, the observer could look back at the original at any
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time18. Each time the observers would look back at the original, they were
required to adapt to a neutral gray field for 60 seconds.
In simultaneous binocular matching, the original and reproduction were side
by side on the same plane18. The observers could view both the original and
soft proof with both eyes at the all times. The observers would adapt to a
neutral gray environment for 60 seconds before making judgments.
In simultaneous haploscopic matching, the observer viewed the original with
the right eye and the soft proof with the left eye18. Therefore, the assumption
was that each eye adapted to a different environment independently.
The successive-Ganzfeld haploscopic matching viewing method was similar
to the simultaneous haploscopic method, but, observers were restricted from
seeing both images at the same time18. A Ganzfeld neutral diffuse filter
covered one eye while the other eye was viewing an image. This technique
assumes that the covered eye remained adapted.
Their results showed that simultaneous binocular viewing did not permit the
observer to adapt to either the prints or the monitor's white point. Therefore,
this method should not be used18. However, binocular viewing is more
natural than haploscopic and had better results in most cases. Haploscopic
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methods should not be used. Although the scores of successive binocular
matching and memory matching techniques were nearly equal, observers
rated memory techniques easier and more preferable. Therefore, memory
matching was chosen as the recommended viewing technique by observers18.
Although their results indicated that memory matching techniques should be
used in this type of arrangement, I will not use this technique in this study.
Memory matching is not a technique used in the graphic arts industry. When
the press operator or quality control person compares a proof to the
reproduction, the two are viewed side by side. Therefore, the author will have
the judges in this study use the simultaneous binocular matching technique.
A Colorimetric Investigation of Color
Tolerances19
Scott Stamm conducted a colorimetric investigation of acceptable color
tolerances19. The study was conducted to
determine the relationships between
a color and its acceptable limit of variation from that color19. Two types of
tolerance charts were investigated in his study. First, the Allen Chart, used
extensively by package printers, provides a standard of the color to be
reproduced along with corresponding
light and dark limits. The second
tolerance chart in his study is used by printers of the U.S. Department of
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Transportation hazardous materials warning labels and provides
three-
dimensional limits for colors.
Stamm's study suggests that the average allowable tolerance for light and dark
limits and spot and process color overprints was approximately six CIE
L*a*b*
AE units. Statistically his results indicated the light allowable tolerance is
greater than the dark allowable tolerance. The process color overprints
tolerance were greater than the spot color tolerance. However, these
differences were not significant. The AE values were subdivided into their
component parts to determine which attribute of color (hue, chroma, and
lightness) contributed the greatest to the AE and found that there was an equal
contribution to the result from each attribute.
There are no established color variation tolerances established for soft
proofing. However, the author of this study investigated the relationship of
an accepted visual match (between a soft proof and the reproduction) and
calculated CIE
L*a*b"
AE of colorimetric data.
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An Investigation of Solid Ink DensityVariation as Determined by the
Acceptability of Overprints in Process Color Printing
20
John G. Gaston conducted an investigation of solid ink density variation of
printed color patches, at 70% tint, of cyan, magenta, yellow, red, green, blue,
and three-color overprint20. A group of experienced color observers from the
Rochester, New York area were asked to accept or reject each patch when
compared to a reference standard for that color.
His findings indicate that there is greater allowable variation when
comparing single colors alone than when comparing their overprints. Other
significant findings show that magenta-reds are preferred to yellow-reds, and
that overall, increases in the magenta solid ink density were allowed more
than increases in the cyan solid ink density. He concluded from this that these
observers accepted greater variation in lightness than in hue variation.
Observers failed to accept comparatively small hue changes in three-color
overprints or neutrals. In other word, they were very critical of small
differences.
Conclusion from Previous Research
Previous attempts at softproofing have not
proven to be successful in the
graphic arts industry. However, this author feels that soft proofing can be a
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viable alternative to analog proofing. Procedures and techniques will change
as technology evolves the printing industry. The review of literature has
provided the author with adequate information and purpose for which to
conduct this study.
Utilizing ideas and procedures collected from the previous research, the
author in this study attempted to demonstrate that a visual match will be
accomplished between a soft proof and the printed reproduction. The
colorimetric data from the monitor and the reproduction was used to
calculate CIE
L*a*b*
AE and identify if a correlation exists between an accepted
visual match and CIE
L*a*b*
AE calculations. This researcher also utilized the
results, conclusions and recommendations from previous research and
attempts at soft proofing to generate the basis for this study.
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Chapter 4
Statement of the Problem
It is the goal of the user in many print production or prepress environments
to have the ability to make judgments about the color of images on a
computer video display. Displaying the image on the monitor to evaluate
data relating to the original copy is known as "soft
proofing."
The color
monitor is the window into the computer that is the first opportunity to view
the simulation of the final reproduction. Soft proofing is especially important
in remote proofing environments and in computer-to-plate and direct digital
printing where analog proofing methods are not useful.
Most of the retouching and changes that occur in the packaging industry, for
example, require only a few changes to text or composition. With computer
systems increasingly being used for image creation and manipulation it
becomes crucial that what the user sees on the display is accurately
reproduced in print. If there is no real scene or original photograph for
reference, then the actual image on the display is the reference by which the
reproduction must be judged.
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Because color monitors and offset presses can produce acceptable results, can
the monitor match the printed reproduction? One very important reason
why some colors are not reproducible on the press although they are present
in the soft proof is that the color gamut of the monitor exceeds that of the
reproduction. In a monitor, the highest saturation is achieved in the region of
the additive primaries red, green and blue. But in a press system, the highest
saturation occurs in the subtractive primaries cyan, magenta, and yellow.
However, the author has demonstrated that the colors of the reproduction
can be simulated and viewed on the monitor. This was accomphshed by
controlling the output of the monitor in order to match the printed
reproduction by reducing the gamut of the monitor to match the
reproduction.
Technological improvements to monitors and color management systems
now permit the monitor to be used to produce reliable, consistent, and
successful proofs. Improvements to monitor size, color consistency, monitor
resolution and color management software that can simulate the press sheet
on the monitor are a few of the developments that are available to users.
Since the (1989) Sandra Fuhs study of subjective comparison of the soft proof
to the hard copy
proof14
(the judges rejected the soft proof as a replacement of
the hard-copy proof), this question has not been reinvestigated.
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Research Questions
Can a color monitor be calibrated so that the color of the soft proof can
visually match the color on the printed reproduction on sheetfed uncoated,
webfed coated (SWOP), and webfed newsprint (SNAP)? Does soft proofing
represent any one printing condition better than another? For which category
of proofing is the soft proof acceptable? Do the calculated CIE
L"a*b*
AE's
between objective measured data of the monitor's color and printed
reproduction's color correlate with visual subjective judgment? What are the
acceptable CIE
L*a*b*
AE tolerances from a CRT monitor to a printed
reproduction observed from this study?
Hypotheses
1. A color monitor can be calibrated so that the color of a soft proof will
visually match the color on
the printed reproduction on sheetfed
uncoated stock, making the monitor suitable for use as a specified type
of color proof.
2. A color monitor can be calibrated so that the color of a soft proof will
visually match
the color on the printed reproduction on webfed coated
stock (SWOP) , making the monitor
suitable for use as a specified type
of color proof.
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A color monitor can be calibrated so that the color of a soft proof will
visually match the color on the printed reproduction on webfed
newsprint (SNAP), making the monitor suitable for use as a specified
type of color proof.
Delimitations
1) This study is limited to comparing a soft proof to the printed
reproduction on sheetfed uncoated paper, webfed coated paper (SWOP),
and webfed newsprint (SNAP).
2) The results of this study are limited to the reproductions printed to
SWOP or SNAP standards.
3) The results of this study are limited to the monitor and color
management system being used in this study.
4) This study is not intended to prove one monitor or color management
system is superior to another.
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Limitations
1) Reliability of the judges used in this study.
2) The sample size of the reproduction and soft proof.
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The purpose of this test was to demonstrate that the representation of a color
on a soft proof that is displayed on a cahbrated color monitor will match the
appearance of that color on the final printed reproduction. Next, the test was
to determine if a relationship exists between categories of proofing and the
calculated CIE
L*a*b*
AE between the soft proof and its reproduction. The
color monitors in this study were cahbrated to visually match a printed
reproduction for three commonly used printing conditions: sheetfed
uncoated, webfed coated (SWOP), and webfed newsprint (SNAP). A panel of
judges was asked to determine if there was an acceptable match between the
soft proof and the printed reproduction. The judges rated the acceptability of
various images, color swatches, and tone reproduction scales, and they rated
which proofing category the soft proofing is most acceptable.
Monitor calibration is the adjustment of the white point of the monitor to
simulate the substrate, the black point to simulate Dmax, and the tone scale to
simulate the tone reproduction of each printing condition viewed in a 5000K
viewing booth. Three Apple
20"
multi-scan monitors, located in the R1T
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Technical and Educational Center's DISCC Lab, were calibrated with the
Willow Six Technology's "Monito Right
Proof."
Monitor calibration with the Willow Six Technology's "MonitorRight
Proof"
(MRP) consists of both a hardware and a software component. The hardware
component is a black box that is attached to the face of the monitor via suction
cups. The device contains three color-sensitive devices (R,G,B) that detect a
relative level of phosphor intensity. The level of illuminance is displayed on
a liquid quartz display (LQD). The software package contains three
Photoshop
calibration plaques (white point, gray balance, and black point).
Each file is displayed independently on the screen, and then the MRP proof
device is positioned on the face of the monitor. The LQDs show the
iUurninance of the red, green, and blue phosphor. The illuminance of the red,
green, or blue phosphors can be changed by adjusting that monitor's electron
gun via Photoshop Gamma tool. These intensities are adjusted until the
value on the LQD matches a look-up table for a particular condition. These
settings can be saved as filters and were applied to the images used in this
study.
The above procedure was completed for each printing condition. There were
separate look-up tables for each of the three printing conditions. After
monitor calibration was completed, the Minolta CA-100 CRT color analyzer
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was used to measure the response of the white point, gray balance, and black
point.
The EPS color reference test target was one of the images included in each
printing condition during this study. The color swatches of this test target on
the printed reproductions were measured using a X-Rite 938
Spectrodensitometer and the corresponding images of the soft proof were
measured with a Minolta CA-100 CRT color analyzer. This data was used to
calculate the CIE
L*a*b*
AE between the soft proof and the printed
reproduction. The resulting CIE
L*a*b*
AE's were used to determine if a
relationship exists between proofing quality and CIE
L*a*b*
AE of the soft
proof to reproduction.
There were three printed samples for each printing condition and for each of
the three monitors used in this study. The printed reproductions were placed
in a 5000 K viewing booth positioned adjacent to the monitor. The viewing
environment in this study was a darkened room. The printed reproduction
and soft proof were viewed simultaneously side by side with the plane of the
monitor's screen parallel to the plane of the reproduction.
The judges used in this study consisted of a group of persons whose jobs
involved print buying and quality control in graphic arts. Judges were asked
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to complete a questionnaire comparing the soft proof to the printed
reproduction (Appendix A).
Techniques Used in This Study from
Theoretical Basis and Review of Literature
1. Turned off room lights to eliminate reflections on the monitor that
would otherwise reduce the quality and contrast of the soft proof15.
2. Adjusted the monitor's white point setting to simulate the viewing
conditions of the reproduction17.
3. Ensured that the monitor desktop was free of images that were not
necessary other than the soft proof, therefore preventing the appear
ance of the complex images or distracting colors that would otherwise
have influenced the judgment of the soft
proof15
.
4. Used side by side comparison (Simultaneous Binocular
Matching)18
of
the monitor to the printed reproduction viewed under 5000K typically
associated with the graphic arts industry.
5. Calculated CIE
L*a*b*
AE from the colorimetric data of the monitor and
the reproduction, and then investigated to see if acceptable
limits




The statistical test used to quantify data of the subjective testing was a
three-
factor Analysis of Variance (Balanced Design). The statistical test used to
determine the correlation for the measured data was a Pearson product
moment correlation.
Methodology Steps
1. Obtained printed test targets and their digital files.
2. Calibrated the monitors used in study with the Willow Six
"Monitor Wright
Proof."
3. Assembled viewing environment and viewing booth.
4. Displayed digital file of test target on the monitor.
5. Obtained color measurements of the test target on the soft proof
and the corresponding printed reproduction.
6. From the data collected from the colorimeters, calculated CIE
L*a*b*
AE of the soft proof colors from the printed reproduction.
7. Judges made subjective comparisons of the soft proof to the
printed reproduction and completed the questionnaire.
8. Analyzed test results.





The objective of this study was to determine if a color on a soft proof
displayed on a calibrated monitor could visually match the color on a printed
reproduction close enough to be rated acceptable as a proof according to a
panel of judges. Nine judges were selected for their graphic arts experience
and were asked to participate in this study. To identify if monitor calibration
remained consistent between more than one monitor, three soft proofing
workstations were set up for comparing soft proofs of images to their printed
reproduction (Figures 6-14) viewed under standard viewing conditions. The
monitor at each workstation was calibrated with the WillowSix Technologies
MonitorRight Proof. The MonitorRight Proof calibrated the monitor to
simulate a specific printing condition, then saved the calibration as a
Photoshop filter. This filter was applied to the soft proof when viewing the
reproduction. Calibration was performed on each monitor at each
workstation for each printing condition (SWOP, SNAP,
and sheetfed
uncoated). The judges were asked to complete a questionnaire that compared
a soft proof to each printed reproduction. A questionnaire was completed for
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each simulated printing condition displayed on each soft proofing
workstation. A copy of this questionnaire is located in Appendix A.
The results of the questionnaire were organized into a 3x3 binomial matrix
for each question each judge completed, and the average response from the
nine judges for each question is located on Appendix B. A column in the
matrix represents a soft proofing workstation and a row represents a printing
condition. For this study a soft proof is considered an acceptable match if at
least 67% of the responses have rated it acceptable. A majority of responses
was chosen rather than a unanimous response in order to account for normal
variation in opinions.
1. The judges were asked to compare the white point of the soft proof of
the IT8 color reference target to the white point of the substrate of the printed
reproduction, and determine if they were an acceptable match. The results
were that the white point of the soft proof was rated as an acceptable match by
a majority of the judges on
at least one occaision for each workstation. A
majority rated it as an
acceptable match at least once on each printing
condition (table 6.1 ).
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table 6. 1 Averaged response of rating the white point of the soft
proof. Acceptability is indicated by bold italic.
workstation
#3 :.; #&ll : -#12
SWOP 56% 67% 67%
SNAP 89% 33% 33%
Uncoated 89% 67% 44%
2. The judges were asked to rate the acceptability of the soft proof of the
IT8 color reference target simulating each printing condition, and rate the
category of proofing compared to the printed reproduction. The results were
that only the soft proof simulating SWOP printing conditions was rated as an
acceptable match by a majority of responses on all three workstations.
However, the soft proof was rated an acceptable match by a majority only
under the proofing category "color preproof The soft proof of the IT8 color
reference target under all other possible categories of proofing, printing
conditions, and workstations was rejected (Table 6.2).
table 6.2 Averaged response of rating the soft proof of the IT8 color reference
t arget as a color preproof. Acceptability is indicated by bold italic.
workstation
color preiptip! #3 #6 #12 r
SWOP 200% 67% 67%
SNAP 44% 44% 56%
Uncoated 44% 33% 56%
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3. The judges were asked to compare sixteen color swatches on the soft
proof of the IT8 color reference target to the printed reproduction and
determine if they were an acceptable match. The results were that 29% of the
color swatches were rated as an acceptable match by a majority of responses
simulating SWOP printing conditions. For simulating sheetfed uncoated
conditions, 35% of the swatches were rated as an acceptable match by a
majority of responses. Finally, for simulating SNAP printing conditions, 47%
of the swatches were rated acceptable by a majority of the responses. The
colors of the swatches that were most often rated as an acceptable match by a
majority of responses were process cyan, magenta, and yellow, and the
two-
color overprints of green and red.
A total of nine combinations of workstation and simulated printing
condition were possible. There were three workstations and three simulated
printing conditions. Process cyan (Al) was rated as an
acceptable match by a
majority of the judges on all of
these combinations (100%). The two-color
overprint red (A6) was the next most-often rated acceptable swatch by a
majority of the judges on 89% of
the combinations. Process yellow was rated
as an acceptable match on 67% of the combinations. Process magenta was
rated as an acceptable match on 44% of the combinations. Swatch Gl (purple)
and G3 (magenta red) were rated as an acceptable match on 22%, and swatch
G8 (lime green) was rated as an acceptable match on 11% of the combinations.
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The two-color overprint blue (A4) and the remaining swatches rated in this
study were not acceptable matches on any combination. A listing of the judges
percent responses to the questionnaire is located on Appendix B.
4. The judges were asked to rate the acceptability of the cyan, magenta,
yellow, and black tone reproduction scales located on the IT8 color reference
target. The results were that a majority of the responses rated the soft proof of
the cyan tone reproduction scale as an acceptable match on all three
workstations simulating SWOP conditions. A majority rated the soft proof of
the cyan tone scale simulating sheetfed uncoated conditions as an acceptable
match on workstations #6 and #12. The judges also rated the soft proof of the
yellow tone reproduction simulating SWOP printing conditions as an
acceptable match on workstations #3 and #6 (table 6.3). The magenta and
black tone reproduction scales were not accepted as a match on any
workstation or printing condition.
table 6.3 Averaged response of rating the soft proof of the tone reproduction
scales on the IT8 color reference. Acceptability is indicated in bold
italic.
CYAN workstation
#3 I ::-#$.: ! .mm
SWOP 0.89 0.78 0.67
SNAP 0.56 0.33 0.56





SWOP 0.67 0.56 0.67
SNAP 0.56 0.44 0.56
Uncoated 0.56 0.56 033
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5-8. Two additional soft proofs of images under each printing condition
(Figures 2, 3, 5, 6, 8, and 9) were also rated for acceptability to the printed
reproduction in this study. The judges were first asked to rate the acceptability
of the soft proof of these images and then to rate their proofing category (e.g.
contract, color preproof, or position). The results were that none of these soft
proofs were rated as an acceptable match to the printed reproduction
(Appendix B).
9. The judges were asked, "Which printing condition was most closely
simulated?"
The results indicated that none of the printing conditions were
rated to simulate better than the others. Three judges selected sheetfed
uncoated printing conditions, three selected SNAP, two selected SWOP
printing conditions, and one did not respond to the question.
Objective Results
The swatches were measured with a colorimeter, and the measurements are
expressed in CLE
L*a*b*
coordinates, L*, a", and b\ The measured difference
in color from a standard to a sample is defined as a AE. It is the vector or





equals the square root of the sum of the squares of AL*, Aa*,
Ab*
(difference
between the reproduction and the proof). What is considered acceptable is
often asked in color reproduction. The smallest difference between two
67
adjacent colors is called a Just Noticeable Difference (JND). A AE of 1-2 is
considered a JND. However, the accepted printing tolerance is in the
neighborhood of 4-6 AE.
The Minolta CA-100 CRT color analyzer is the colorimeter that was used to
measure the color swatches on the soft proofs of the IT8 color reference target.
This colorimeter uses sensors filtered to closely match the CIE 1931 x, y, and z
color-matching functions to measure the energy of the light emitted by the
CRT phosphors. The measured values are then displayed as CIE color space (x,
y, Y) values. When plotting two-dimensional maps of colors, it is usual to
calculate chromaticity coordinates that describe the qualities of a color in
addition to its luminance factor, that is, its chromaticity. Chromaticity
describes the hue and chroma of a color. In the CIE system the chromaticity
coordinates x, y, and z are obtained from the ratios of the tristimulus values
in relation to their sum, X+Y+Z. Since the sum of the chromaticity
coordinates equals one, the third coordinate can be solved by subtracting two
of the coordinates that have been provided from one (z=l-x-y).
Luminance is represented by Y, and x,y relates to hue and chroma. However,
to transform these coordinates into CIE
L*a*b*
color space, two remaining





Y). Transformation into nonlinear color space also requires the
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reference white tristimulus relative spectral power distribution values for the
D65 illuminate
2
observer (X=95.04, Y=100.00, Z=108.89).











n = The tristimulus values for reference white.
The CIE
L*a*b*
values of the color swatches of the IT8 color reference target
on the printed reproductions were measured with an X-Rite 938
Spectrodensitometer (Appendix C). These values are used as the standard for
comparison to the measured CLE
L*a*b*
color space values of the soft proof
swatches on the calibrated monitors to calculate CIE
L*a*b*
AE's (Appendix
D). The difference in color from a standard to a sample is defined as a AE. This
AE is calculated using the measured CIE
L*a*b*
values with the following






AE values for each swatch under each condition
were averaged (Appendix E). The AE values for sheetfed soft proof conditions
averaged 33.93 with a standard deviation 1.39, SWOP AE values averaged
27.39 with a standard deviation of 0.60, and SNAP had the lowest average AE
of 17.01 with a standard deviation of only 0.46.
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table 6.5 Average AE and the standard deviation between
the soft proof and the printed reproduction.
sheetfed SWOP SNAP
worst best
average AE 33.93 27.39 17.01




The color proof should represent the final reproduction. It is a simulation
and representation of the variables of the printing process 3. It is desirable that
the customer, separator, and printer agree on how the final reproduction will
eventually look.
The objective of this study was to determine if a color on a soft proof
displayed on a calibrated monitor could visually match the color on a printed
reproduction close enough to be rated as acceptable for a proof according to a
panel of judges. Colorimetric data was obtained by measuring both the soft
proof and the printed reproduction with colorimetric instrumentation. This
data was used to calculate CIE
L*a*b*
AE's and to determine if a relationship




Can a color monitor be calibrated so that the color of a soft proof can visually
match the color of a printed reproduction on sheetfed uncoated, webfed
coated (SWOP), and webfed newsprint (SNAP) printing conditions? Does soft
proofing represent any one printing condition better than another? For which
category of proofing is the soft proof acceptable? Do the calculated CIE
L*a*b*
AE's between objective measured data of the monitor's color and the printed
reproduction's color correlate with visual subjective judgment in this study?
What are the acceptable CIE
L*a*b*
AE tolerances from a CRT monitor to a
printed reproduction observed from this study?
Hypotheses
1. A color monitor can be calibrated so that a color on a soft proof will
visually match a color on the
printed reproduction on sheetfed
uncoated stock, making the monitor
suitable for use as a specified type
of color proof.
Result: The hypothesis was rejected because none of the soft proof
images were accepted as a match compared to the printed
reproduction. Only 35% of the color swatches on
the soft proof of
the ET8 color reference target were rated as an acceptable match
by a majority of judges.
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2. A color monitor can be calibrated so that the color of a soft proof will
visually match the color on the printed reproduction on webfed coated
stock (SWOP) , making the monitor suitable for use as a specified type
of color proof.
Result: The hypothesis was rejected because none of the soft proof
images were rated as an acceptable match compared to the
printed reproduction. Only 29% of the color swatches on the soft
proof of the IT8 color reference target were rated as an acceptable
match by a majority of judges.
3. A color monitor can be calibrated so that the color of a soft proof will
visually match the color on the printed reproduction on webfed
newsprint (SNAP), making the monitor suitable for use as a specified
type of color proof.
Result: The hypothesis was rejected because only one of the soft proof
images was rated as an acceptable match compared to the printed
reproduction. The only image rated
acceptable was the soft proof
of the IT8 color reference target accepted as a color preproof. Only
47% of the color swatches on the soft proof of the IT8 color
reference target were rated as an acceptable match by a majority
of judges.
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The judges were asked to compare sixteen individual color swatches on the
soft proof of the IT8 target to the printed reproduction. The author questioned
whether ability could be influenced by one of three variables involved in this
study: the workstation, the printing condition, or the color attributes of the
individual swatch.
The data from Appendix B does not quantify whether acceptability was
influenced by workstation, printing condition, or attributes of color. A
quantitative difference was accomplished through the use of a three-factor
Analysis of Variance (ANOVA) balanced design test (table 7.1).
The ANOVA test was performed, on the results of the comparison of sixteen
color swatches, using Mintab software with a 95% confidence
level. This test
produces a variable known as the P factor. If the P factor is less than the alpha
level used in the test, the condition is dependent. The P factor on each
condition was less than the alpha level, therefore indicating that the
conditions were a factor in the rating
acceptability.
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table 7. 1 ANOVA test of questionnaire results.
Three-factorAnalysis of Variance (Balanced Design)
"Factors jllliiiyilllllfs; -:- MS F -tpf; alpha
colors 17 6.51908 0.40744 16.82 0.00 0.05
workstations 3 0.23635 0.11817 4.88 0.009 0.05
printing conditions 3 0.33570 0.16785 6.93 0.001 0.05
Error 3.19769
Total 10.28881
To identify which of the three factors had a meaningful influence on the
judges'
decisions, a Fisher's Least Significant Difference test (table 7.2) was
performed with a 95% confidence level. The result of the test produces the
Fisher's transformation value or maximum difference value.
table / .2 The Fisher test used to produce the maximum difference value.
Fisher test
59% (0.59) =tcrit V2MS/n
The results of the comparison of the sixteen color swatches on
the soft proof
of the IT8 target to the printed reproduction were
averaged to produce a
response percentage. The scores were categorized to
total the number of the
responses for each color swatch, workstation, and simulating
each printing
condition. A response range that exceeds the Fisher
transformation value
indicates a significant influential factor. The
average acceptability range
between workstations was only 5.3%, indicating
that workstations were not
75
an influential factor in acceptability. The acceptability range between printing
conditions varied for individual questions, however the range did not exceed
18% indicating printing conditions were not influential factors in rating
acceptability. The results of the acceptable range between the individual color
swatches was 75%, which exceeds the Fisher's transformation, and therefore
indicates that the color attributes of the swatch were a meaningful influential
factor in the rating of acceptability.
To identify if a correlation existed between CIE
L*a*bi
AE and rating of
acceptability in this study, a Pearson product moment correlation was
performed using Microsoft Excel with a 95% confidence level (table 7.3). A
result of zero would indicate no correlation. A result of less than -0.50 or
greater than 0.50 would indicate a significant correlation existed. A result of 1
or -1 would indicate a perfect correlation. The resulting factor (-0.42) indicated
that a less-than-significant negative correlation exists. As acceptability of a
color swatch increases, the CIE AE decreases. However, the result does not
indicate a meaningful relationship.
table 7.3 The Pearsons product moment correlation used to determine correlation
between AE and rating.
Pearson product moment correlation
(-0.42)
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In addition to presenting the Pearson product moment correlation, to identify
whether any correlations were meaningful, an additional t-test was necessary
(table 7.4). The t-test indicated a significant negative correlation at the 95%
confidence level between lower CIE L*a*b*AE and rated acceptability in this
study since the results of the test are greater than the t crit (1.960) from the
t-
table.







t crit - 1.960
Observations
Less than 50% of the color swatches judged on the soft proofs of the IT8 color
reference target were rated as an acceptable match to the final reproduction.
Only one of the soft proofs of the pictorial
images was accepted as a match to
the printed reproduction. However, this was the soft proof of the ITS color
reference target accepted only as a
color preproof simulating SWOP printing
conditions. All other soft proof images were rejected.
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Through statistical testing, the author concluded that neither printing
conditions nor monitors influenced the
judges'
decisions in rating the
acceptability of a color swatch. The color attributes of the swatch was the sole
determinant.
The judges in this study were more likely to accept individual color swatches
on the IT8 color reference target than pictorial images. They also found
primary colors more acceptable-both additive and subtractive. The subtractive
primaries (cyan, magenta, and yellow) and two two-color overprints (red and
green) were rated as acceptable as were three secondary complex colors
(purple, magenta-red, and a light green). However, they were less likely to
accept darker colors, complex colors, or even the two-color overprint blue.
Therefore, this author investigated the color attributes of the measured color
swatches to determine if one of these attributes could have influenced the
judges decision in rating acceptability.
Each color had a distinct appearance, based on three elements or attributes:







Chroma is a description of saturation of a





color space is based on the opponent color theory which states:
a color can not be both red and green at the same time, nor both yellow and




denotes the red /green property of the color, and
b*
the yellow/ blue property of the color. The
a*
runs left to right on the x-axis of
the Cartesian coordinate grid. A color in the direction depicts a shift in
green, and a color in the direction depicts a shift in red. The
b*
runs top to
bottom on the Cartesian coordinate grid along the y-axis. A
+b*
movement
represents a shift in yellow; shows a shift in blue. The
L*
value runs along
the z-axis of the CIE
L*a*b*
3-dimensional color space. A value of zero would
indicate no reflection (dark), and a value of 100 would indicate 100%
reflection (tight). Neutral tones have a zero
a*
and b*, and only a
L*
value.





















(hue angle) of the
sixteen color swatches on the ITS target reproductions. The printed
reproductions on SWOP, sheetfed uncoated, and SNAP printing conditions
were measured with an X-Rite 938 spectrodensitometer. Appendix D contains




(hue angle) of the sixteen color
swatches on each of the soft proofs of the IT8 target. These swatches were
measured with the Minolta CA-100 colorimeter. Appendix D also contains





proof from to the printed reproduction.
The measured CLE
a" b*
values of the process cyan, magenta, and yellow, and
the two-color overprint red, green, and blue swatches from the ITS color
reference target are located on a CIE
a*b*
Cartesian grid (Figure 3). The plotted
values on Figure 3 are connected with lines to form an
a*b"
color hexagon.
The further from the center of the Cartesian grid a color swatch's measured
figure 3 The color gamuts of the soft proof and the printed reproductions
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value is plotted indicates a greater amount of chroma or saturation of that
hue. The size of the hexagons representing the press sheets on Figure 3
indicates that the hues represented on the press sheets have a greater color
gamut and chroma than the soft proofs since their plotted values are located
further from the center. The physical area of the hexagons on the Cartesian
grid was calculated with a planimeter. The color gamut of the soft proof
simulation of the sheetfed uncoated printing conditions was 99% of the color
gamut of the printed reproduction. The color gamut of the soft proof
simulation of SNAP printing conditions was 77% of the color gamut of the
SNAP printed reproduction. The color gamut of the soft proof simulating
SWOP conditions was 62% of the color gamut of the printed reproduction.
The average CIE AE's of the soft proof simulating SNAP conditions
were the
lowest. Although the color gamut area of the soft proof simulating sheetfed
conditions was 99% of the gamut area of the reproduction, the average AE's of
its soft proof were the highest. This implies that the area of the color gamut is
not a dependable predictor of acceptability or of CIE
AE's. The average AE's of
the SWOP condition fall between the SNAP and sheetfed uncoated
conditions (table 6.5).
Figure 4 contains the measured
a*b*
values of the remaining ten color
swatches on the IT8 color reference target. A key, on Figure 4,
identifies the
color and whether it is from the soft proof or the
printed reproduction.
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figure 4 The remaining 10 color swatches measured on the IT8 color reference



















































































proof simulating SNAP conditions were also the lowest (table 7.5). Under all
simulated conditions, many of the color swatches that were not rated as
acceptable have a lower
AC*
or AE than those that were rated as accepted. This





Average difference in chrome (C*) between the









angle is assigned to the horizontal
+a*
(red) axis, and the
angle increases counter-clockwise around the CIE
a*b*
diagram (Figure 2).
Shift in hue between the standard (press sheet) and the sample (soft proof) is
described in terms of delta hue angle (Ah) (Appendix D).
The average
Ah
between soft proof and press sheet for SNAP printing
conditions was the lowest. Sheetfed had the highest average (table 7.6). The
cyan color swatch (Al) was rated as acceptable on all workstations simulating
all conditions (Appendix B). However, under SNAP and SWOP conditions,
its average
Ah
was the highest of those swatches rated as acceptable. The red
color swatch (A6) was the second most rated as acceptable color swatch.
However, under sheetfed uncoated conditions, its average
Ah
was the
highest. Many of the other color swatches that were not rated as acceptable
have a lower
Ah
than those that were rated as accepted. This implies that CIE
Ah
is not a dependable predictor of acceptability.
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table 7.6 Average difference in hue (Ah0) between the
soft proof and the press sheet.
Further investigation into the significant factor producing unacceptability led






graphs (Figure 5) shows the measured
L*
of each color
swatch on the soft proof compared to the measured press sheet. Observations
made from this graph reveal that the measured
L*
values of the swatches on
the soft proofs were considerably lower than the measured
L*
values on the
printed reproductions (table 7.7). These
L*
differences between the soft proof
and the press sheet (AL*) were much higher than differences experienced in
hue shift (Ah) and change in chroma (AC*) listed in Appendix D.






The human visual system is known to be more sensitive to changes in hue
and is less sensitive to changes in chroma or lightness. In this study the
lightness level of the sample (soft proof) was significantly reduced lower than
the standard (press sheet). Possibilities to this rediction include improper
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calibration procedures or a malfunction with the monitor calibration device.
It could be that this reduction affected the appearance of the color swatches on
the soft proof and therefore influenced the judges rating more so than
changes in hue or chroma.
Figure 5 The plotted
L*
values of the 16 measured color swatches on
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Summary
The purpose of this study was to demonstrate that the representation of a
color on a soft proof displayed on a calibrated color monitor will match the
appearance of that color on the final printed reproduction. Next, the test was
also to determine if a relationship exists between the acceptable match of a
swatch color and the calculated CIE
L*a*b*
AE between the soft proof and its
reproduction. The color monitors in this study were each calibrated to
visually match a printed reproduction for each of three commonly used
printing conditions: sheetfed uncoated, webfed coated (SWOP), and webfed
newsprint (SNAP). A panel of judges was asked to determine if there was an
acceptable match between the soft proof and the printed reproduction. The
judges rated the acceptability of various images, color swatches, and tone
reproduction scales. Judges also rated in which proofing category is soft
proofing most acceptable.
The hypotheses for SNAP and sheetfed uncoated conditions in this study
were rejected. None of the images were accepted as a proof for any proofing
category, and less than 50% of the color swatches on the soft proof of the IT8
color target were accepted as a match to the printed reproduction. The
hypothesis for SWOP conditions was also rejected. Only one of the soft proofs
was rated as an accepted proof and only as a color
preproof. Also, less than
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30% of the color swatches on the soft proof of the IT8 color target were rated as
an acceptable match to the printed reproduction.
To identify which factor had a meaningful influence on the
judges'
decisions,
a Fisher's Least Significant Difference test was performed. The statistical
testing indicated that acceptability was not influenced by either the
workstation or which printing condition was simulated, but by the color
attribute of the swatch. To determine if a correlation existed between
acceptable rating and CIE
L*a*b*
AE in this study, a Pearson product moment
correlation was performed. The result indicated that as acceptability of a color
swatch increased, the CIE AE decreased. However, AE was not a dependable
predictor of acceptability.
The objective of using the MonitorRight Proof was to reduce the color gamut
of the the monitor to match the color gamut of the press sheet. The CIE
L*a*b*
chart (Figure 3) indicates that the color gamut of the soft proof was
reduced to less than that of the press sheet. Data from Appendix D and Figure
4 indicate a reduction in lightness of the color on the soft proof.
These factors are significant in rating a color as being an acceptable match. The
color gamut and luminance of the monitor were reduced to less than the
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printed reproduction where the monitor was unable to display the color
appropriately for proofing.
The reduction in luminance also altered the appearance of tone reproduction
(gamma) which is also a significant factor in color matching. Tone
reproduction scales of the IT8 target were only rated as an acceptable match on
two process colors and only under two simulated printing conditions.
It was the objective of the monitor calibration device to manipulate the color
gamut of the monitor to within the gamut range of the press. However, in
this particular study the calibration device used reduced the luminance and
color gamut of the monitor below that of the press, thus affecting the ability to
accurately simulate the colors of the press sheet on
the soft proof.
Summary of Conclusion
1. Soft proofing was rejected for
use as a contract proof for SNAP, SWOP,
and sheetfed uncoated printing conditions.
2. Soft proofing was rejected for
use as a position proof for SNAP, SWOP,
and sheetfed uncoated printing conditions.
3. Soft proofing was rejected for
use as a color preproof for SNAP, SWOP,
and sheetfed uncoated printing conditions. However, the
soft proof of the IT8
color target was narrowly accepted as a color
preproof.
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4. The attributes of color on each swatch were a meaningful influential
factor in the judges rating a color swatch or soft proof an acceptable match in
this study.
5. The choice of a particular monitor on which the soft proof was viewed
was not a meaningful influential factor in the judges rating a color swatch or
soft proof an acceptable match in this study.
6. The particular printing condition the soft proof simulated was not a
meaningful influential factor in the judges rating a color swatch or soft proof
an acceptable match in this study.
7. There was not a significant correlation between acceptability and
calculated CIE
L*a*b*
AE in this study.
8. There was not a relationship between acceptability and calculated CIE
L*a*b* AC*
in this study.
9. There was not a relationship between acceptability and calculated CIE
L*a*b* Ah
in this study.
10. The physical area of the color gamut, on the CIE
a*b*
graphs, was less
for all soft proofs as compared to the color gamut of the printed reproduction.
11. The overall lightness of all of the soft proofs were considerably less
than the overall lightness of the printed reproductions.
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Implications
Although the results of this study did not prove that the soft proof was
significantly accepted as a color match to the printed reproduction, the author
of this study feels that under controlled conditions the soft proof will be
accepted as a useful proof in the graphic arts industry. With the progressive
change in direct-to-plate and direct-to-press technology making production
turn-around time shorter, faster types of proofing other than analog and
digital hard proofs will be in demand.
This demand will drive the display technology in the direction of more
accurate monitors or display panels. It will also increase the flow of available
color management software that will be more "user
friendly."
The use of the "soft
proof"
in the future will most likely not become a
replacement of the hard copy proof, however it will permenantly change the
work flow. This change is evident today with the replacement of paste-up
mechanicals and the copy cameras with the desktop workstations and
imagesetters. History has shown that the press proof has been replaced with
the analog or photomechanical proof. Now with evolution
to direct-to-plate
and direct-to-press technology, the analog proof will frequently be replaced
with the digital hard-copy proof and or the soft proof.
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Recommendations
The results of this research have stimulated questions concerning the use of
soft proofing in the graphic arts. Some of the questions are listed below in the
hope that they may provide direction for persons interested in further
research on soft proofing,
1. What would the research show if a Barco monitor or comparable
high-resolution, self-calibrating monitor were used to test acceptability?
2. Will the use of a flat-panel display used for soft proofing result in a
closer color match to the press sheet?
3. Will adjusting the luminance and color gamut of the soft proof to
more closely match the reproduction
result in the soft proof being
accepted as a contract proof?
4. Is it possible for a press operator to use a soft proof to help control the
printing press?
5. Would a different calibration procedure result in a greater acceptabilty
of the soft proof as a contract proof?
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This is a sample questionnaire
that each judge completed.
A Colorimetric Investigation of Soft Proofing





The first objective of the following test is to determine if amonitor can be
cahbrated to visually match the color of a printed reproduction onWebfed coated
stock (SWOP), Webfed newsprint (SNAP), and Sheetfed uncoated stock.
In the following questionnaire you will be asked to make visual judgements of each
digital file displayed on each of the calibrated monitors (soft proof) compared to
the reproduction printed from each of the three printing conditions. There will be
three images from each of the three printing conditions that you will evaluate. The
first image will be the IT8 test target. The second image will be an image containing
flesh-tones. The third image will contain either a landscape or a still life containing
memory colors. Please pay close attention to the color and only the color's appear
ance. This test is to evaluate only the color component of a proof.
The second objective of this test will determine for which stage of proofing is the
soft proof acceptable. You will be asked to rate each soft proof in one of the follow
ing proofing stages:
Final color or
"Contract": This simulates the finished job and may be produced on sepa
rate sheets ormade up as a "book proof to
look hke the fin
ished job. The printer will use this proof as a guide for the pro
duction run and will match it as closely as possible.
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"Color pre-proof": In the halftone film production segment, it is used for color
iteration. The intention is the films are printable to match the
color proof.
Position
or '"register proof": It is a proof to check that all the items are there and in register.
The third objective will be to determine if soft proofing represents any one proofing
method better than another. The final objective will determine which monitor cali
bration technique works best for soft proofing. The three monitors in this test have
been cahbrated by two different methods.
Before you begin the questionnaire, complete the following personal questions.
1. Howmany years experience do you have in the GraphicArts Industry?
2. For which of the following printing conditions do you normally evaluate
proofs or prepare prepress documents?
I I Web press coated stock
I I Sheetfed uncoated stock
I I Webfed newsprint
3. Are you presently using monitors to calibrate color
images?
\_\ yes I I no
4. Have you completed the color vision test?
[~1 yes LJ no
Karl Williamson
Thesis: A colorimetric investigation of soft
proofing.
Printing condition simulated: 96
Workstation Calibration type
The first image that you will be asked to compare the soft proof to the print
ed reproduction (sheetfed uncoated #1) is the IT8 standard reference test target. The
color swatches on the IT8 reference test target are labeled by row and column. The
swatches in this study that you will evaluate are in column A and in column G, and
rows 1-13.
1. Compare the white point of the soft proof to the white point of the printed
reproduction's substrate. Check the appropriate box that best describes how the
monitor's white point simulates the reproduction's white point?
I I acceptable I I not acceptable
2. For which stage of proofing would you accept the soft proof of this image?
best -< ? poorest
I I contract I I color preproof I I position I I not acceptable
3. The following questions will be addressed to swatches A1-A6, A11-A13, Gl,
G3, G5, G6, G8, G10, and G12. Check the appropriate box that best describes how
the color of the soft proof simulates the color of the printed reproduction.
I I not acceptable
I I not acceptable
I I not acceptable
I I not acceptable
I I not acceptable
I I not acceptable
I I not acceptable
I I not acceptable
L_J not acceptable
I I not acceptable
I I not acceptable
Lj not acceptable
I I not acceptable
Al 1 1 acceptable
A2 1 1 acceptable
A3 1 1 acceptable
A4 1 1 acceptable
A5 1 1 acceptable
A6 1 1 acceptable
All 1 1 acceptable
A12 1 1 acceptable
A13 1 1 acceptable
Gl 1 1 acceptable
G3 1 1 acceptable
G5 1 1 acceptable
G6 1 1 acceptable
Karl Williamson
Thesis: A colorimetric investigation of soft proofing.
G8 I I acceptable I I not acceptable
G10 I I acceptable I I not acceptable
G12 I I acceptable LJ not acceptable
4. Columns C, D, E, and F, contain C, M, Y, K tonal scales. Check the appropri
ate box that best describes how the soft proof simulates the tone reproduction of
the printed reproduction.
Column C I I acceptable I I too contrasty l_J too flat
Column D I I acceptable I I too contrasty I I too flat
Column E I I acceptable I I too contrasty I I too flat
Column F I I acceptable I I too contrasty I I too flat
The following questions are addressed to the next image of a woman's por
trait (sheetfed uncoated #2). Check the appropriate box that best describes how the
color of the soft proof simulates the color of the printed reproduction.
5. I I acceptable I I not acceptable




LJ contract LJ color preproof I I position l_l not acceptable
The following questions will be addressed to the third image of a monument
(sheetfed uncoated #3). Check the appropriate box that best describes how the color
and only the color of the
soft proof simulates the color of the printed reproduction.
(Exclude monitor resolution.)
7. LJ acceptable LJ not acceptable
8. For which stage of proofing would you





D contract D color preproof LJ position U not acceptable
Comments
Karl Williamson
Thesis: A colorimetric investigation
of soft proofing.
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9. For which printing condition does soft proofing work best?
? SWOP (coated)
D SNAP (newsprint)
I I Sheetfed (uncoated)
10. Which monitor calibration method best simulates the printed reproduction?
LJ MonitorRight Proof LJ Colortron
11. Does soft proofing represent any one proofing method better than another?
LJ yes ? no
12. If yes, then explain.
13. Comments
Karl Williamson
Thesis: A colorimetric investigation of soft proofing.
Appendix B
Averaged questionnaire score of the nine judges.
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colorimetric data of press sheets.
Sheetfed uncoated
Colorimetric measurements of IT8 swatches
Press sheet Information
Fountain solution: RososKSPIO A$M3
Imagesetter. AGFA SelectSet 5000
Uncoated paper 2400 dpi
Press: Heidelberg Speedmaster
Ink sequence: KCMY
Inks: G.P.I, natural Lith
Printing Plate: 3M G.M.X. Viking
Blanket: Day International 9500
Test form: GATF









L* a* b* C* h
A1 0.22 0.28 32.03 63.40 -24.70 -39.13 46.27 237.74
A2 0.46 0.29 25.89 58.00 54.17 -1.11 54.18 358.83
A3 0.43 0.47 75.50 89.70 -5.50 66.57 66.80 94.72
A4 0.28 0.27 12.53 42.10 7.54 -26.83 27.87 285.70
A5 0.29 0.45 25.96 58.07 -40.51 13.07 42.57 162.12
A6 0.52 0.34 23.28 55.33 53.12 24.75 58.60 24.98
A7 0.33 0.34 10.21 38.27 -0.04 -5.88 5.88 269.61
A8 0.30 0.28 18.57 50.19 9.02 -24.71 26.30 290.05
A9 0.31 0.42 34.53 65.37 -30.55 12.12 32.87 158.36
A10 0.48 0.36 31.31 62.84 39.35 25.17 46.71 32.60
All 0.32 0.31 32.86 64.12 8.24 -18.95 20.66 293.50
A12 0.42 0.37 46.40 73.97 23.07 19.21 30.02 39.78
A13 1 0.36 0.36 30.46 62.12 4.22 1.68 4.S4 21.71
X y Y
Gl 0.38 0.28 18.17
G2 0.41 0.31 17.49
G3 0.49 0.32 25.04
G4 0.44 0.34 16.08
G5 0.47 0.41 43.53
G6 0.40 0.41 28.29
G7 0.35 0.35 16.64
G8 0.38 0.47 46.00
G9 0.30 0.40 17.01
G10 0.24 0.35 27.23
Gil 0.26 0.33 18.25
G12 0.24 0.27 20.24
G13 0.30 0.30 10.85
L* a* b* C*
h
49.83 31.59 -15.30 35.10 334.16
48.79 29.30 -3.54 29.51 353.11
57.16 52.89 10.74 53.97 1 1.479
47.10 27.62 9.25 29.13 18.516
71.94 22.37 44.34 49.66 63.229
60.05 0.84 24.39 24.40 88.027
47.65 2.29 -1.26 2.61 331.18
73.48 -22.80 40.21 46.22 119.55
48.09 -22.44 3.38 22.69 171.43
59.08 -34.27 -14.51 37.22 202.95
49.81 -16.90 -16.16 23.38 223.72
52.06 -9.82 -34.37 35.75 254.05
39.27 2.80 -17.17 17.40 279.26
SWOP press sheet
Colorimetric measurements of IT8 swatches
Information:
Press sheet: SWOP Calibration Kit Press Proof
The press proof has been produced by SWOP Incorporated
with participation of the IT8 CGATS standards committees, and GATF.
X y Y
L* a* b* O* h
Al 0.19 0.29 24.22 56.30 -36.59 -37.54 52.42 225.73
A2 0.51 0.27 16.20 47.19 67.89 0.21 67.89 0.18
A3 0.45 0.49 64.90 84.41 -4.77 80.71 80.85 93.38
A4 0.24 0.19 4.53 25.44 18.20 -38.16 42.28 295.50
A5 0.26 0.54 19.75 51.52 -58.85 26.82 64.67 155.50
A6 0.61 0.33 15.73 46.64 63.23 42.51 76.19 33.91
A7 0.35 0.36 4.30 24.61 1.59 0.39 1.64 193.78
A8 0.29 0.26 11.71 40.79 13.85 -27.57 30.85 296.67
A9 0.32 0.46 30.11 61.72 -36.57 22.93 43.16 147.91
A10 0.53 0.37 25.02 57.11 43.38 37.67 57.45 40.97
All 0.33 0.31 27.34 59.23 9.21 -15.08 17.67 301.41
Al? 0.44 0.38 39.97 69.49 23.42 26.24 35.17 48.25
A13 0.38 0.37 25.74 57.63 4.61 8.59 9.75 61.78
X y Y
L* a* b* C
h
Gl 0.41 0.24 9.51 37.00 47.87 -18.33 51.26 339.05
G? 0.47 0.28 9.29 36.48 44.08 -1.76 44.12 357.71
G3 0.56 0.30 15.68 46.66 65.77 17.30 68.01 14.74
G4 0.54 0.34 8.96 35.88 41.11 21.58 46.43 27.70
G5 0.50 0.43 35.79 66.35 22.92 62.95 66.99 69.99
Gfi 0.44 0.45 22.51 54.67 0.42 41.28 41.28 89.42
G7 0.37 0.37 10.39 38.46 3.80 4.86 6.17 51.98
G8 0.40 0.51 39.67 69.27 -24.51 56.34 61.44
113.51
G9 0.28 0.48 11.40 40.30j -38.33 13.95 40.79 1 60.00
G10 0.21 0.38 21.42 53.46 ^19.83 -11.08 51.05
192.54
G11 0.23 0.34 12.55 42.08 -28.80 -16.17 33.03
209.31
Gl? 0.20 0.26 13.64 43.70 -1 8.84 -37.79
42.23 243.50
G13 0.27 0.25 4.44 25.10 7.86 -22.98
24.29 288.88
Newsprint
Colorimetric measurements of IT8 swatches
GATF Digital Newspaper test form
Printed by GATF
X y Y
L* a* b* C* h
Al 0.22 0.30 22.05 53.95 -26.41 -29.42 39.54 228.09
A2 0.47 0.30 16.80 48.34 49.16 2.38 49.22 2.77
A3 0.44 0.47 48.35 75.33 -2.47 58.47 58.52 92.42
A4 0.29 0.26 6.52 30.54 11.18 -23.33 25.87 295.60
A5 0.29 0.48 18.54 49.89 -40.05 18.02 43.92 1S5.78
A6 0.54 0.34 15.21 45.82 49.07 26.41 55.73 28.29
A7 0.35 0.34 6.52 30.79 4.50 -2.46 5.13 331.34
A8 0.30 0.27 8.69
35.081
12.62 -22.09 25.44 299.74
A9 0.32 0.47 21.83 53.97 -33.64 21.98 40.18 146.84
A10 0.52 0.36 18.17 49.63 42.33 28.00 50.75 33.48
All 0.33 0.30 17.38 48.65 11.43 -16.01 19.67 305.52
A12 0.46 0.37 26.17 S8.14 28.01 23.72 36.70 40.26
A13 0.38 0.37 15.00 45.80 6.36 5.40 8.34 40.33
X y Y
L* a* b* C*
h
Gl 0.37 0.27 7.85 33.72 26.55 -14.24 30.13 331.79
G2 0.41 0.32 7.79 33.90 22.58 -0.12 22.58 359.70
G3 0.52 0.33 15.31 46.11 48.90 20.07 52.86 22.31
G4 0.44 0.34 7.S0 32.99 20.94 6.66 21.97 17.64
G5 0.50 0.38 22.77 54.78 32.22 33.62 46.57 46.22
G6 0.39 0.39 12.80 ^42.37 2.78 13.64 13.92 78.48
G7 0.36 0.34 7.50 32.90 5.17 -1.46 5.37 344.23
G8 0.35 0.47 27.17 59.22 -25.74 29.67 39.28 130.94
G9 0.34 0.40 10.31 38.41 -8.60 6.05 10.51 144.87
G10 0.28 0.42 22.06 54.05 -33.57 6.33 34.16 169.32
Gil 0.32 0.36 11.37 40.17 -6.24 -2.72 6.81 203.55
Gl? 0.27 0.28 12.29 41.66 0.29 -24.56 24.56 270.68
G13 0.33 0.31 6.92 31.68 7.50 -9.19 11.86 309.22
Appendix D
Colorimetric data of soft proofs obtained by
using theMinolta CA-100 color CRT analyzer.
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MonitorRight Proof Work Station #1 2
Calibration: SHEETFED 8-24-95





IMinolta CA-1 00 CRT Analyzer Colorimetric measurements SoftProof of rrs color
Al 0.198 0.266 9.60 0.536 7.146 19.34
A2 0.511 0.269 7.45 0.22 14.15 6.093
A3 0.438 0.476 29.60 0.086 27.24 5.348
A4 0.175 0.096 0.57 0.729 1.039 4.328
AS 0.279 0.565 6.90 0.156 3.407 1.905
A6 0.62 0.331 7.36 0.049 13.79 1.09
L* a* b* C* h-
37.11 -18.92 -31.76 36.97 239.21
32.81 S3.36 0.24 53.36 0.26
61.31 -S.15 52.94 53.19 95.S6
4.72 21.12 -39.15 44.48 298.35
31.58 -41.00 25.08 48.06 148.55
32.61 51.92 36.54 63.48 35.14
AL* Ah- AC* AE
: \2$&9 .i,m& :, t$m mmsi .
25.19 1.43 0.82 25.24
528539 i"iSm sasase :mi4m
37.38 12.65 16.62 41.64
26.49 13.57 5.49 29.09
: xmz :-:SMM* i.mm mm&i
Average
Standard Deviation
All 0.289 0.235 7.14 0.476 8.781 14.46 32.12 17.52 -28.97 33.85 301.17 32.00 7.67 13.19 34.79
A12 0.533 0.368 16.00 0.099 23.17 4.304 46.97 39.43 33.84 51.96 40.64 27.00 0.8S 21.94 34.79
A13 0.413 0.382 6.22 0.205 6.725 3.338 29.96 7.71 10.58 13.09 53.93 32.16 32.22 8.55 33.55
| 28.62 1 6.99 1 10.49| | 37.57 |
J
rrs x y Y z X 2
L* a* b* C* h' AL* Ah' AC* AE
Gl | 0.366 1 0.191 | 2.28 [ | 0.443| 4.369| 5.288| | 16.89| 36.48| -23.33| 43.30| 327.39| | 32.94| 6.76| 8.201 | 34.25 |
G3| 0.601 | 0.31 9 1 7.74J | 0.08| 14.58| 1.941 | | 33.44| 53.31 | 27.92| 60.18| 27.64| | 23.72| 16.17[ 6.2l] | 29.30 |
G5 0.548 0.39 14.50 0.062 20.37 2.30S 44.94 35.13 44.38 56.60 51.63 27.00 11.S9 6.94 29.86
G6 0.455 0.446 5.49 0.099 5.601 1.219 28.09 3.61 26.94 27.18 82.37 31.96 5.66 2.77 32.18
G8| 0.352 1 0.539 j 16.00| | 0.109| 10.45| 3.236| | 46.97| -33.06| 40.62| 52.38| 1 29.771 [ 26.51] 9.59| 6.1 5 1 I 28.43 |
G10| 0.247 1 0.447 1 7.87 1 | 0.306| 4.349| 5.388| | 33.71 | -36.29| S.17| 36.66 1 1 71.90] | 25.37[ 31.0S| 0.56| | 32.17 \
G12[ 0.174| 0.159| 2.79] | 0.667 1 3.053 1 11.7 1 | 19.18| 6.54| -43.65 1 44.14| 278.521 I 32.88| 24.46| 8.40] |
37.88 \
Average | 28.62 1 15.04| 5.60]
Standard Deviation
| 32.01 |
MonitorRight Proof Work Station #1 2
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Calibration: SNAP 8-24-95
Infc Setup: SNAP 8-24-95
Monitor Setup: Apple 21 RGB
gamma: 1.00
| Minolta CA-1 00 CRT Anaryzer Colorimetric measurements SoftProof of rT8 color swatches
X y Y
Al 0.215 0.28 8.85
A2 0.499 0.278 7.08
A3 0.447 0.467 26.30
A4 0.257 0.238 1.91
A5 0.288 0.523 7.14








L* a* b* C* h"
35.69 -16.29 -26.55 31.15 238.48
31.99 47.61 0.77 47.61 0.92
58.32 -0.78 50.41 50.41 90.89
15.01 5.14 -19.79 20.45 284.57
32.12 35.33 19.96 40.58 150.54







1S.B6 4.4S ! 3.72
All 0.321 0.291 8.44 0.39 9.31 11.25 34.88 10.06 -15.23 18.25 303.46 13.77 2.07 1.42 13.86
A12 0.492 0.36 15.10 0.15 20.64 6.21 45.77 32.83 22.06 39.56 33.90 12.37 6.36 2.85 13.38
A13 0.385 0.366 7.48 0.25 7.87 5.09 32.88 6.20 S.24 8.12 40.20 12.92 0.13 0.22 12.93
Average
Standard Deviation






























G3 0.546 0.308 6.85 0.146 12.14 3.247 31.46 46.04 13.80 48.07 16.68 14.6S 5.63 4.79 1 16.19
G5 0.525 0.399 13.00 0.076 17.11 2.476 42.76 27.66 39.16 47.94 54.77 12.02 8.SS 1.371 14.00
G6 0.45 0.436 5.96 0.114 6.151 1.558 29.31 4.48 24.86 25.26 79.78 13.06 1.30 11.34| 17.30
G8 0.368 0.516 14.40 0.116 10.27 3.237 44.80 -25.06 36.86 44.58 124.21 14.42 6.73 5.30| 7 6.13
K10 0.247 0.381 8.00 0.372 5.186 7.811 33.98 -26.70 -4.98 27.16 190.57 20.07 21.25 7.00| 24.04
Gl? 0.223 0.259 4.63 0.518 3.986 9.26 25.65 -6.65 -24.66 25.54
Average
Standan
254.91 16.01 15.76 0.98 1 17.45
i Deviation
14.64 8.95 4.60| 16.80
3.66
MonitorRight Proof Work Station #1 2
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Calibration: SWOP 8-24-95





|Minolta CA-1 00 CRT Analyzer Colorimetric measurements SoftProof of its color swatches
x y Y
Al 0.194 0.257 9.S5
A2 0.488 0.255 7.00
A3 0.441 0.476 30.00
A4 0.162 0.088 0.54
A5 0.274 0.567 6.69








L* a* b* C* h"
37.02 -17.91 -34.12 38.53 242.31
31.81 52.90 -S.69 53.21 353.86
61.65 -4.42 54.13 54.31 94.67
4.35 21.10 -41.33 46.41 297.05
31.09 -41.75 24.53 48.42 149.57





















32.50 20.06 -28.80 35.10 304.86
46.45 39.64 31.57 50.68 38.S4





































G3 0.592 0.316 7.60 0.092 14.24 2.213 33.14 52.49 24.85 58.07 25.33 13.52 10.60 9.93 20.40 |
G5 0.55 0.389 14.70 0.061 20.78 2.305 45.22 35.91 44.86 57.47 51.32 21.13 18.67 9.53 30.70
29.43G6 0.469 0.44 5.78 0.091 6.161 1.195 28.85 6.57 28.57 29.31 77.05 25.82 12.37 11.97
G8 0.363 0.533 16.60 0.104 11.31 3.239 47.75 -30.07 41.94 51.60 125.64 21.52 12.13 9.84 26.48 |
G10 0.238 0.426 7.91 0.336 4.419 6.239 33.79 -35.70 1.27 35.72 177.96 19.67 14.58 15.33 27.19 |
G12 0.169 0.154 2.77 0.677 3.04 12.18 19.10 6.67 -45.19 45.68
Average
Standan
278.39 24.60 34.89 3.45 36.20 |
Deviation
20.84 16.70 9.46 27.77 |
5.77 1
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MonitorRight Proof Work Station #6
Calibration: SHEETFED8-24-95
Int Setup: SHEETFED 8-24-95








x y Y z X Z
L* a* b* C* h" AL* Ah" AC* AE
Al 0.191 0.245 9.71 0.564 7.57 22.35 37.32 -15.72 -37.50 40.66 247.26 ^mm - HS2 .v:4;B* 2?;6$:
A2 0.477 0.254 6.54 0.269 12.28 6.93 30.74 50.13 -7.00 50.61 352.05 27.26 6.77 3.57 28.18
A3 0.442 0.476 29.80 0.082 27.67 5.13 61.48 -4.17 54.33 54.49 94.38 :mZ :*<*M -.:;: - tfKW
A4 0.178 0.099 0.61 0.723 1.10 4.45 5.20 21.09 -39.05 44.39 298.37 36.90 12.67 16.52 47.77
A5 0.278 0.558 6.74 0.164 3.36 1.98 31.21 -40.20 23.69 46.66 149.49 26.86 12.63 4.09 28.89












31.92 19.40 -31.65 37.12 301.51
46.04 39.49 32.16 50.93 39.16








Gl | 0.345 j 0.1 8 1 2.26|
G3| 0.593 0.31 5 1 7.33 1
| 0.475 1 4.332| 5.964] | 16.80| 36.38| -26.77] 45.17| 323.65 1 | 33.03 1 10.51 | 10.07]





45.08 36.01 45.09 57.71 51.39
27.65 5.00 26.49 26.96 79.32
26.86 11.84 8.04
32.40 8.71 2.55
G8 0.358 0.543 | 1S.80|
G10 0.242 0.426 1 7.79 1
G12 0.173 0.1 51 | 2.87|
| 0.099 1 10.42 1 2.881 | | 46.71 | -32.1 7| 42.75 1 53.50| 126.96| | 26.77| 7.41 | 7.28]
| 0.332 1 4.425 1 6.071 | | 33.S4[ -34.52 1 1.60| 34.56| 1 77.34 1 | 25.54 1 25.61 | 2.65]
| 0.676 1 3.288 1 1 2.85 1 | 19.52J 9.06 1 -46.37 1 47.25 1 261 .051 [ 32.54J 27.00| 11.5?]






MonitorRight Proof Work Station #6
107
Calibration: SNAP 8-24-95
Ink Setup: SNAP 8-24-95




]Minolta CA-1 00 CRT Analyzer Colorimetric measurements SoftProof of rT8 color swatches
x y Y
Al 0.216 0.284 8.90
A2 0.505 0.282 6.99
A3 0.45 0.468 26.10
A4 0.263 0.243 1.90
A5 0.291 0.529 7.20








L* a* b* C* h"
35.79 -16.97 -25.67 30.78 236.53
31.78 47.21 2.38 47.27 2.89
58.13 -0.29 51.55 51.55 90.33
14.95 5.24 -18.72 19.44 285.64
32.26 -35.49 21.27 41.37 149.07
29.91 43.70 29.46 52.70 33.98
AL* Ah" AC*
turn. *..*** ssss*








All 0.326 0.296 8.68 0.378 9.56 11.08 35.36 10.04 -13.89 17.13 305.85 13.29 0.33 2.54 73.53
A12 0.496 0.364 14.90 0.14 20.30 5.73 45.50 32.39 23.81 40.20 36.32 12.64 3.94 3.50 73.35
A13 0.392 0.367 7.44 0.241 7.95 4.89 32.79 7.30 6.16 9.55 40.15 13.01 0.18 1.21 13.07
Average
Standard Deviation
























AL* Ah" AC* AE
Gl v-msm. ssbsss. S:fl.;67 MfcfeSTSl
G3 0.552 0.312 6.90 0.136 12.21 3.008 31.58 45.99 15.71 48.60 18.86 ;**SS 3.4S| 4.26 yyyj:S.4Sy\
G5 0.527 0.402 13.10 0.071 17.17 2.314 42.91 27.38 40.81 49.14 56.14 11.87 9.92 2.58 14.69
G6 0.455 0.437 6.21 0.108 6.466 1.535 29.94 5.14 26.20 26.70 78.91 12.43 0.43 12.78 17.83
G8 0.373 0.516 14.40 0.111 10.41 3.098 44.80 -23.99 37.86 44.82 122.37 14.42 8.57 5.54 16.67 |
G10 0.249 0.386 8.12 0.365 5.238 7.678 34.23 -27.15 -1.03 27.45 188.45 19.82 19.13 6.72 23.27 |
G12 0.227 0.267 4.74 0.506 4.03 8.983 25.98 -7.43 -23.13 24.29
Average
Standan
252.18 15.68 18.50 0.27 77.54 |
1 Deviation
14.38 9.SS 4.83 16.86 \
3.3fi|
MonitorRight Proof Workstation #6
Calibration: SWOP 8-24-95
Ink Setup: SWOP 8-24-95




|Minolta CA-1 00 CRT Analyzer Colorimetric measurements SoftProof of n"8 color swatches
108
X y Y
Al 0.194 0.256 9.44
A2 0.485 0.254 6.75
A3 0.442 0.477 30.20
A4 0.168 0.094 0.56
A5 0.276 0.567 6.53








L* a* b* C* h"
36.82 -17.56 -34.23 38.47 242.84
31.23 52.07 -6.19 52.44 353.22
61.83 -4.42 54.95 55.13 94.59
4.60 20.28 -39.75 44.62 297.03
30.71 -41.02 24.57 47.82 149.09
32.74 52.36 38.35 64.90 36.23
AL* Ah" AC*










All 0.297 0.232 7.17
A12 0.532 0.363 15.20
A13 0.423 0.367 6.16
0.471 9.18 14.56
0.1 OS 22.28 4.40
0.21 7.10 3.52
32.19 20.58 -29.09 35.64 305.28
45.91 39.97 31.47 50.87 38.22




Average | 21.33| 8.26 1 13.85] | 26.92
Standard Deviation | S.24
X y Y
Gl 0.35 0.183 2.35
G3 0.594 0.316 7.50
G5 0.554 0.389 14.60
G6 0.471 0.441 -5.51
G8 0.362 0.535 16.00
G10 0.238 0.422 7.64
G12 0.17 0.153 2.75
| 0.467 1 4.495 | 5.997]
L* a* b* C* h" AL* Ah" AC*
AE
17.23 1 36.73| -26.19| 45.11 | 324^57] | 19.77| 1 4.53 1 6.1 S] | 24.02
| 0.09 1 14.1 | 2.1 36 1 | 32.92| 52.55 1 25.17| 58.27| 25.59| | 13.74J 10.86| 9.74] | 20.63
0.0S7 20.79 2.139
0.088 5.885 1.1
45.08 36.56 46.11 58.84 51.59






46.97| -30.23 1 41 .73 1 51 .52 1 125.92| | 22.30| 1 2-41 | 9.92~] | 27.26
33.22| -34.73 1 0.66 1 34.74| 1 78.90 1 | 20.24 1 1 3.63 1 1 6-31~| | 27.85
19.01 | 7.31 | -45.31 | 45.89| 279.16| | 24.69| 35.66] 3.67] | 36.74
Average | 21.22| 16.84| 9.4o] | 28. 12
Standard Deviation I 5. 7 7
MonitorRight Proof Workstation #3
109
Calibration: SHEETFED 8-24-95
Ink Setup: SHEETFED 8-24-95
Monitor setup: Apple 2V RGB
gamm: 1.00
|Minolta CA-100 CRT Analyzer Colorimetric measurements SoftProof of ITS color swatches
X y Y
Al 0.194 0.255 9.37
A2 0.504 0.267 7.46
A3 0.44 0.477 29.80
A4 0.173 0.096 0.59
A5 0.276 0.564 6.83








L* a* b* C* h"
36.69 -17.25 -34.38 38.47 243.36
32.83 52.83 -1.10 52.84 3S8.81
61.48 -4.89 54.07 54.29 95.17
4.96 20.94 -39.67 44.86 297.83
31.42 -41.35 24.48 48.05 149.38





















32.28 19.01 -30.66 36.08 301.79
46.18 38.82 32.61 50.70 40.03




































G3 0.595 0.319 7.97 0.086 14.87 2.149 33.92 S2.93 26.78 59.32 26.84 23.24 15.36 5.35 28.24 |
GS 0.55 0.391 14.70 0.059 20.68 2.218 45.22 35.40 45.63 57.76 52.20 26.72 11.03 8.09 29.76
G6 0.456 0.446 5.30 0.098 5.419 1.165 27.57 3.71 26.79 27.04 82.12 32.48 S.91 2.64 32.69
G8 0.353 0.539 15.40 0.108 10.09 3.086 46.18 -32.42 40.31 51.73 128.80 : znw *:*as :.::**-. ZS.9S\
G10 0.241 0.434 7.39 0.325 4.104 5.S34 32.68 -35.2S 2.66 35.35 175.68 26.40 27.27 1.86 37.57 |
G12 0.172 0.153 2.73 0.675 3.069 12.04 18.93 7.90 -15.09 45.78
Average
Standarc
279.94 33.13 25.89 10.04 39.07 |
Deviation
28.78 14.60 6.04 32.00 |
3.70 |
MonitorRight Proof Work Station #3
Calibration: SNAP 8-24-95
Ink Setup: SNAP 8-24-95



















L* a* b* C* h"
36.40 -17.41 -26.85 32.00 237.05
32.01 46.97 2.49 47.03 3.04
58.51 -1.70 51.31 51.34 91.90
14.73 4.36 -19.41 19.90 282.65
32.39 -36.78 20.64 42.18 1 50.70




;::i:s;a2 : ::C.52 -7.JS
15.81 12.95 S.97














35.26 9.87 -15.13 18.07 303.12
45.36 31.52 22.98 39.01 36.10






































G3 0.55 0.311 7.05 0.139 12.47 3.151 31.92 46.29 15.27 48.74 18.25 :'.:MiJS i::*J3S ::S:-;*i;2 75.21]
G5 0.S25 0.403 13.30 0.072 17.33 2.376 43.21 26.93 40.78 48.87 56.56 11.57 10.34 2.30 14.60
G6 0.4S 0.438 5.93 0.112 6.092 1.516 29.24 4.17 25.21 25.55 80.61 13.13 2.13 11.63 17.56
G8 0.368 0.521 14.10 0.111 9.959 3.004 44.38 -25.64 37.80 45.68 124.15 14.84 6.79 6.40 16.93
G10 0.243 0.382 7.77 0.375 4.943 7.628 33.50 -27.62 -5.10 28.09 190.45 20.55 21.13 6.08 24.25
G12 0.221 0.263 4.56 0.516 3.832 8.947 25.44 -8.00 -23.93 25.23
Average
Standarc
251.50 16.22 19.17 0.67 18.23
Deviation
14.64 9.84 4.67 17.02 |
3.76 |
MonitorRight Proof Work Station #3
Calibration: SWOP 8-24-95





[Minolta CA-100 CRT Analyzer Colorimetric measurements SoftProof of IT8 color swatches
x y Y
Al 0.188 0.238 9.78
A2 0.477 0.252 7.06
A3 0.442 0.477 30.50
A4 0.157 0.085 0.57
AS 0.272 0.569 6.81








L* a* b* C* h"
37.44 -14.81 -39.62 42.29 249.50
31.94 52.10 -7.64 52.66 3S1.66
62.08 -1.43 55.14 55.31 94.59
4.72 21.61 -43.27 48.37 296.54
31.37 -42.58 24.74 49.24 149.84
33.14 51.84 39.51 65.18 37.31
AL* Ah" AC*




















33.31 22.64 -32.85 39.89 304.57
46.04 38.72 31.20 49.73 38.86




































G3 0.S9 0.317 7.80 0.093 14.52 2.288 33.56 52.36 24.91 57.99 25.44 13.10 10.70 10.02 20.23
G5 0.553 0.39 15.00 0.057 21.27 2.192 4S.63 36.45 46.58 59.14 51.96 20.72 18.03 7.85 29.67
G6 0.473 0.441 5.65 0.086 6.06 1.102 28.51 6.93 29.29 30.10 76.68 26.16 12.74 11.18 29.50
G8 0.365 0.534 16.00 0.101 10.94 3.026 46.97 -29.41 42.12 51.37 1 24.92 22.30 11.41 10.07 26.89
G10 0.231 0.41 7.54 0.359 4.248 6.602 33.01 -34.64 -1.70 34.68 182.81 20.45 9.73 16.37 27.15
G12 0.165 0.142 2.77 0.693 3.219 13.52 19.10 9.71 -48.93 49.89
Average
Standarc
281.22 24.60 37.72 7.66 39.30
Deviation
20.89 16.56 9.65 28.04
5.99
Appendix E
Calculated CIE AE averages comparing the
sample (soft proof) to the standard (press sheet).
SWOP Coated Stock
Monitor Calibration: MonitorRight Proof










Al 28.88 27.43 27.06
A2 23.31 23.36 22.27
A3 33.95 34.26 34.99
A4 21.61 21.00 21.52
AS 25.98 27.49 26.74
A6 17.92 18.13 17.68
A7 27.19 26.23 27.25
A8 34.27 32.54 32.73
A9 23.41 23.50 23.47
A10 20.75 21.08 20.91
All 34.18 32.51 31.94
A12 28.43 29.28 28.68
A13 28.45 28.81 27.96
Average 26.79 26.59 26.40
























Gl 23.52 24.02 23.54
G2 24.40 24.84 24.26
G3 20.23 20.63 20.40
G4 25.54 26.45 26.07
G5 29.67 30.36 30.70
G6 29.50 30.01 29.43
G7 28.48 28.82 29.07
G8 26.89 27.26 26.48
G9 30.99 32.74 31.52
G10 27.15 27.85 27.19
Gil 30.39 31.51 31.04
G12 39.30 36.74 36.20
G13 26.64 25.77 26.22
Average 27.90 28.23 27.86



















Monitor Calibration: MonitorRight Proof











Al 19.89 20.80 21.07
A2 16.48 16.67 16.50
A3 18.30 18.66 18.90
A4 17.66 17.31 17.04
A5 17.99 18.50 18.48
A6 17.22 17.06 16.92
A7 24.63 24.53 24.12
A8 14.24 13.79 13.75
A9 15.46 15.78 16.26
A10 13.43 13.17 13.24
All 13.51 13.53 13.86
A12 13.27 13.38 13.38
A13 13.26 13.07 12.93
Average 15.85 16.63 16.65























Gl 12.37 12.56 12.48
G2 14.92 15.03 15.00
G3 15.21 15.45 16.19
G4 18.44 18.65 18.21
G5 14.60 14.69 14.00
G6 17.56 17.83 17.30
G7 16.35 16.70 16.41
G8 16.93 16.67 16.13
G9 21.72 21.56 21.36
G10 24.25 23.27 24.04
Gil 19.34 18.80 19.34
G12 18.23 17.54 17.45
G13 20.75 20.11 20.26





















Monitor Calibration: MonitorRight Proof






#3 #6 #1 2
IT8 AE AE AE
Al 28.14 27.63 27.91
A2 25.20 28.18 25.24
A3 30.87 30.79 31.49
A4 41.52 41.17 41.64
A5 29.00 28.89 29.09
A6 26.09 25.85 25.62
A7 38.45 38.39 38.95
A8 42.99 43.20 42.67
A9 32.44 31.96 33.12
A10 31.01 31.06 30.86
A11 35.59 36.37 34.79
A12 34.64 34.89 34.79
A13 33.96 34.38 33.55
Average 35.58 33.29 33.05























Gl 33.75 35.30 34.25
G2 34.30 34.41 34.84
G3 28.24 28.20 29.30
G4 34.70 34.56 35.03
G5 29.76 30.13 29.86
G6 32.69 32.73 32.18
G7 37.86 38.26 38.25
G8 28.95 28.47 28.43
G9 35.00 35.22 35.24
G10 31.51 30.20 32.17
Gil 34.33 34.55 34.76
G12 39.07 39.49 37.88
G13 39.13 38.92 39.56
Average 33.79 33.88 33.98





















IT8.7/3 Basic Target (10mm)
SCIDS7&S8
Figure 6 Printed reproduction of the IT8 color reference target
under SWOP conditions.
Figure 7 Printed reproduction of image #2 under
SWOP conditions.
Figure 8 Printed reproduction of image #3
under
SWOP conditions.
IT8.7/3 Basic Color Field
Figure 9 Printed reproduction of the IT8 color reference target
under SNAP conditions.
Photo courtesy of Eastman Kodak Company
Figure 10 Printed reproduction of image #2
under SNAP conditions.
Photo courtesy of Eastman Kodak Company
Figure 11 Printed reproduction of image #3
under SNAP conditions.






Figure 12 Printed reproduction of the IT8 color reference
target
under sheetfed conditions.




Figure 14 Printed reproduction of
image #3
under sheetfed conditions
